Submission ID #: 51483

Editor Name:  Linda DiBella
Videographer name:

Film Date: 

Authors and Affiliations: 
1Sidor, Michelle M., 2Davidson, Thomas J., 3Tye, Kay M., 2Warden, Melissa R., 4Deisseroth Karl & 1McClung, Colleen A.

1Department of Psychiatry, University of Pittsburgh Medical Center, Pittsburgh, PA, 15219; 2Department of Bioengineering, Stanford University, Stanford, California 94305; 3Department of Brain and Cognitive Sciences, Picower Institute for Learning and Memory, Massachusetts Institute of Technology, Cambridge, Massachusetts, 02139; 4Departments of Bioengineering and Psychiatry and Behavioral Sciences, Stanford University, Stanford, California 94305.

Author email addresses:

Tom Davidson: tjd@stanford.edu

Melissa Warden: mrwarden@cornell.edu

Kay Tye: kaytye@mit.edu

Karl Deisseroth: deissero@stanford.edu

Colleen McClung: mcclungca@upmc.edu

Title: In Vivo Optogenetic Stimulation of the Rodent Central Nervous System 
Corresponding Author: 

Michelle M. Sidor

Department of Psychiatry

University of Pittsburgh Medical Center

450 Technology Dr., Ste 223

Pittsburgh, PA, USA, 15219

sidormm@upmc.edu

T: 214-784-7410

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO_ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)NO

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: laser coupling and attaching animal to the fiber patch cord.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Laser coupling can be challenging for the non-physical style coupler used in the dual laser system set-up, especially for novices with no laser experience. The simple and quick protocol we describe will ensure success.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative: (Authors will provide additional graphics to replace figures below).

The overall goal of this procedure is to successfully perform in vivo optogenetic stimulation of the rodent central nervous system in an awake, freely moving animal. (Intro)
This is accomplished by first setting up and configuring the appropriate laser system for performing optogenetic stimulation. (P1, Editor, use figure 2B here.  Slowly zoom in on it.)
Next, fiber attachments compatible with behavioral testing are set up for delivering laser light to an implanted fiber optic and into the opsin-expressing brain region of interest. (P2, Editor, use figure 3 here.)
Then, the animal is tethered to the laser system for optogenetic stimulation and placed into a behavioral testing apparatus (P3, Editor, use figure 4 here).

Finally, experimenter-defined parameters of light stimulation to turn neurons on or off are delivered while the animal performs a behavioral task (P4, Editor, authors will provide figure)
Ultimately, in vivo optogenetic stimulation is used to permit real-time control of defined populations of neurons or neural circuits in awake, behaving animals to determine their functional role in a given behavior of interest. (P5, Editor, use figure 7, left panel here of the graph.)
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. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Michelle: The main advantage of this technique over existing methods, is that it permits real-time control of genetically and spatially-defined populations of neurons in awake behaving animals with the temporal resolution required to causally link neural activity patterns to complex behavioral states.  

Protocol (read by voice talent at JoVE):

2. Non-contact Style Laser Coupling

2.1. This protocol involves the use of class 3b lasers and requires that proper training and safety guidelines be followed.  Safety goggles must be worn at all times when operating lasers, with alignment procedures presenting an especially high risk. 

2.1.1. WIDE Talent approaches board with laser setup (try to leave microscope out of shot)

2.1.2. MED Talent puts on safety goggles

2.2. Following the set up of the laser apparatus according to the text protocol, carry out non-contact style laser coupling of the inner blue laser by first setting the switches on the back of the laser to ‘Curr’ for current and ‘TTL’ for transistor-transistor logic mode for constant illumination.

2.2.1. WIDE/MED Broll of lasers

2.2.2. CU Talent at back of laser sets laser to Curr and TTL

2.3. On the front of the driver, ensure that the power knob is set to zero.  Then turn on the laser by first turning on the driver followed by the laser key.

2.3.1. CU Talent sets power knob to zero

2.3.2. CU Talent turns on the driver and the laser key

2.4. To ensure eye safety, slowly adjust the power knob so that ~1mW of laser light is being emitted.  Then allow 10-15 minutes for the laser to warm up.
2.4.1. [mis-labeled 3.4.1] CU Talent slowly adjusts power know to 1mW

2.4.2. WIDE Talent walks away from setup - avoid showing details of microscope CU light meter at 1mW
2.5. Next, connect the fiber optic cable tester directly to the free end of the coupler patch cord and turn on the cable tester.  (Fig 3A)

2.5.1. CU Talent connects fiber optic cable tester directly to the free end of the coupler patch cord

2.5.2. CU Talent turns on cable tester

2.6. Then adjust the angle of the coupler so that the red beam travels straight back towards the center of the dichroic mirror.  The beam path of the red light emitted from the cable tester is the exact path that the incoming laser light will need to follow in order to be coupled into the laser.

2.6.1. CU Talent adjusts angle of coupler and beam path of red light is seen

2.6.2. LAB MEDIA Figure showing beam path of red light

2.7. To perform a course alignment, use the lateral and horizontal knobs on the kinematic mirrors to steer the beam of laser light into the coupler. 
2.7.1. CU Talent uses lateral and horizontal knobs on kinematic mirrors to steer beam into coupler

2.7.2. MED/CU Talent slightly loosens the pedestal clamps to reposition mirror and coupler

2.8. Do not be concerned if no blue light is being emitted out of the coupler-attached patch cord at this time. 

2.8.1. CU Talent places paper up to coupler attached patch cord to show that no light is being emitted

2.9. Now, place a single piece of semi-translucent paper directly in front of the dichroic mirror, in between the dichroic and coupler.  There will be both a blue and a red dot on the same side of this paper from the laser and the cable tester, respectively.

2.9.1. MED/CU Talent places piece of paper in front of dichroic mirror between dichroic and coupler

2.9.2. CU Shot of blue and red dot on paper

2.10. Make fine adjustments to the first steering mirror by carefully adjusting the lateral and horizontal knobs to align the center of the red dot with the blue dot.  

2.10.1. CU Talent adjusts the first steering mirrow

2.10.2. CU Red dot aligns with blue dot

2.11. Move the paper back towards the coupler so that it is directly in front of it and adjust the knobs on the second, dichroic mirror to align the laser beam with the red beam.  Continue to make fine adjustments to the two mirrors until the center of the blue and red beams are exactly aligned, collinearly.

2.11.1. MED/CU Talent moves paper directly in front of coupler

2.11.2. CU Talent adjusts knobs on dichroic mirror

2.11.3. CU Laser beam begins to align with red beam

2.11.4. MED/CU Talent makes fine adjusts

2.11.5. CU Beams align exactly

2.12. Remove the cable tester from the coupler cord.  Laser light should now be emitted from the end of the coupler patch cord.

2.12.1. CU Talent removes cable tester from coupler cord

2.12.2. CU Laser light being emitted from coupler patch cord

2.13. To determine coupling efficiency, use a light power meter to compare the light power emitted from the fiber end to the light power at the entrance to the coupler.  A coupling efficiency of >80% is considered very good. (TEXT: 500 mW setting; blue = 473 nm; yellow = 635 nm).   

2.13.1. MED/CU Talent attaches a light power meter to fiber tip of coupler patch cord and light power is measured [there’s a couple seconds where it’s 78%]
2.14. While maintaining the position of the dichroic mirror, use the two steering mirrors for the outer yellow laser and follow the alignment procedure just demonstrated for coupling the yellow laser.

2.14.1. CU Talent begins to use the steering mirrors for the yellow mirror to align the yellow laser

2.14.2. CU Talent shows yellow light successfully being emitted from coupler patch cord on white paper or desktop

3. In vivo Optogenetic Stimulation and Post in vivo Considerations

3.1. TEXT ON WHITE BACKGROUND:  This procedure was conducted in accordance with the Division of Laboratory Animal Resources and approved by the Institutional Animal Care and Use Committee. 

3.1.1. TEXT of above statement

3.2. To set up an optic fiber for stimulating a single mouse, begin by using the FC/FC L-bracket adapter directly attached to the breadboard to connect the coupler patch cord to a thick-jacketed patch cord (Fig 4a) (TEXT: refer to the text protocol for stimulating multiple animals).

3.2.1. MED/CU Talent uses the FC/FC L-bracket adapter to connect the coupler patch cord to a thick-jacketed patch cord

3.3. Attach a commutator/rotary joint to the free ends of the thick-jacketed patch cord.  Then attach the animal patch cord to the commutator.  

3.3.1. CU Talent attaches a commutator/rotary joint to the free ends of a thick-jacketed patch cord

3.3.2. CU Talent attaches the animal patch cord to the commutator

3.4. Attach a connecting split sleeve to the free metal ferrule end of the animal patch cord.  (Fig 5)  Without forcing the sleeve all the way up the ferrule, leave ~0.5 cm of sleeve exposed as this is what connects to the implanted fiber optic affixed to the animal (Fig 6)

3.4.1. CU/ECU Talent connects a connecting split sleeve to the free metal ferrule end of the animal patch cord and leaves 0.5 cm of sleeve exposed

3.5. With a BNC cable, connect the blue laser driver to the pulse generator and turn on the pulse generator.  Now, put on appropriate safety glasses.  Then after making sure the power knob on the front of the driver is set to zero, turn on the laser by first turning on the driver and then the laser key.

3.5.1. MED/CU Talent picks up BNC cable and uses it to connects blue laser driver to pulse generator

3.5.1B [added] showing back and front BNC connections
3.5.2. CU Talent turns on pulse generator

3.5.3. MED Talent puts on safety glasses

3.5.4. CU Power knob shown set to zero

3.5.5. MED/CU Talent turns on driver then turns laser key

3.6. With the laser set to TTL+ mode, slowly adjust the knob on the front of the laser and use a light power meter to set a 5-10 mW light power emission from the tip of the animal patch cord.  Refer to the text protocol for additional details regarding this setting.

3.6.1. CU Talent adjusts knob on front of laser

3.6.2. MED/CU Talent uses light power meter to set a 5-10 mW light power emission from the tip of animal patch cord

3.7. Switch the blue laser to Analog mode for in vivo stimulation and wait 10-15 minutes for the laser to warm up.

3.7.1. CU Talent switches blue laser to analog mode (TEXT: Turn key to off position when toggling between TTL+ and analog mode.)
3.8. Next, gently restrain the mouse and connect the split sleeve on the animal patch cord to the chronic implantable fiber (Fig 6). Make sure the ends of both fibers make physical contact with one another by using the split on the connecting sleeve as a window to visualize direct contact between the two. 

3.8.1. MED/CU Talent holds mouse to restrain
3.8.1.B [added] CU to capture restraint – Best was the third restraint
3.8.2. CU Talent connects split sleeve on animal patch cord to the chronic implantable fiber
3.8.3. CU/ECU Shot of split on connecting sleeve showing direct contact between the two

3.9. Allow the mouse to recover for a few minutes prior to the start of behavioral testing.  Then place the mouse in the behavioral testing apparatus, making sure that the connector cord is free of snags (TEXT: never leave animal unattended during stimulation).

3.9.1. MED Talent places mouse in home cage to recover for a few minutes

3.9.2. MED/CU Talent places mouse in behavioral testing apparatus with no snags in connector cord

3.10. Using a pulse generator at a predetermined frequency that will activate an opsin of choice, pulse the blue laser (TEXT: see text protocol for yellow laser usage).

3.10.1. CU Talent pulses the blue laser

3.10.2. MED/CU Shot animal as blue laser is being pulsed, Editor, place this side by side as a split screen with 3.10.1 [Did not slate shots past take 1. Two different take types. Dark to show]
3.11. After completing the experiment, histologically confirm viral and fiber placement as outlined in the accompanying text protocol for accurate interpretation of behavioral results.

3.11.1. LAB MEDIA Figure 7, right panel, Editor, focus on the top black and white diagram here and add in the blue arrow and ‘fiber optic’ text to point out its placement while slowly zooming in on the boxed area

3.12. Under a microscope, check the site of opsin expression and fiber implant and visually confirm the appropriate placement of the virus injection and implant based on chosen coordinates
.
3.12.1. Possible Leica microscope image or footage here
3.12.2. LAB MEDIA Figure 7, right hand panel, Editor, transition from the zoomed in 3.11 to focus on the bottom panel with the fluorescent green 

4. Results: Rodent Behavioral Results from Optogenetic Stimulation 
4.1. In this example of behavioral results obtained through in vivo optogenetic stimulation, dopamine neurons in the ventral tegmental, or VTA area of tyrosine hydroxylase::Cre mice were transduced either with a stable step function opsin or eYFP as a control virus and a fiber implant was chronically implanted.  As illustrated in this schematic, dopamine neurons in the VTA from multiple mice were simultaneously stimulated and locomotive behavior was recorded for one hour.  

4.1.1. LAB MEDIA Figure 4C, Editor, zoom in on the 4 mice for the last sentence of the VO here

4.2. As demonstrated here, repeated stimulation of the opsin-transduced mouse on the left resulted in a hyperactive phenoytype that persisted throughout the stimulation while no change in locomotor behavior was seen in the control mouse on the right.

4.2.1. LAB MEDIA Video 1, Editor, use footage that begins after the introduction

4.2.2. LAB MEDIA Figure 7, graph in left panel, Editor, show this either alongside the video or as an inset and point out the blue line with ‘resulted in a hyperactive phenotype’ and the black line with open circles for ‘while no change in locomotor behavior was seen in the control mouse on the right.’

4.3. Following behavioral testing, immunohistochemistry was performed to verify accurate viral targeting to VTA dopamine neurons and fiber placement was visually confirmed, as shown in this figure.

4.3.1. LAB MEDIA Figure 7, image in right panel, editor, zoom in on the bottom black and green panel and point out the white bars (the fiber) with the VO
5. Conclusion (said by authors on camera)
5.1. Author name Michelle: Once mastered, this technique can be used to manipulate neural activity in any given brain region of interest in combination with a variety of behavioral tests as a functional readout of neural circuit modulation.

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, 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.  

Insert your media filenames here.

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, as well as an introduction to your videographer, closer to your filming date.
�This is where I want a Leica fluorescent scope image to pop up on the video, with Figure 7 to immediately follow.
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