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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________ Authors – in the initial questionnaire you marked ‘no’ for microscopy, however, it seem to me that step 3.6 (as listed in this document) will require a scope shot. Are you able to provide the shots of the 5x and 60x views yourself? Would part of Figure 2 be appropriate here?
Note: We have a camera attached to the microscope and can capture digital images which we can provide as files to be included in the shooting. In our opinion there is not need to shoot through the microscope.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? __N__ 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. Authors – would it be good to show the details of software usage for step 3.13 (as listed in this document), or is this unnecessary? 
It is probably not necessary.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) There is not a single most important step in this procedure for filming
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 goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to investigate functional and synaptic properties of neural projections and microcircuits using ex vivo optogenetics. This includes expression of Channelrhodopsin and its activation in specific projections combined with patch clamp recordings. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ehrlich, Ingrid: This method can help answer key questions about synaptic properties of specific local and long-range connections between and within brain regions. This is illustrated using neural circuits supporting fear behavior.
1.2. Ehrlich, Ingrid: The main advantage of this technique is that it allows to study specific circuits and synapses not amenable with conventional electrical stimulation techniques.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1. 3. Bosch, Daniel: Generally, individuals new to this method will need to overcome the challenge of performing the sequence of all required steps optimally, ranging from stereotaxic targeting of viral injections, identifying optimal expression time of Channelrhodopsin, to preparation of good quality brain slices and stable light activation and recordings.

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

Procedures involving animal subjects have been approved by the Animal Care and Use Committee (Regierungspräsidium Tuebingen, state of Baden-Württemberg, Germany) responsible for the University of Tübingen.

Protocol (read by voice talent at JoVE):  
Preparation of Acute Tilted Amygdala Slices
Before beginning this part of the procedure, a recombinant adeno-associated viral vector engineered to express channelrhodopsin fused to a fluorescent protein [2.1.1-LM] was introduced into the medial prefrontal cortex by stereotaxic surgery [2.1.2-LM].
53628_Ehrlich_Figure1C. Show only the top image labeled mPFC. 
53628_Ehrlich_Figure1B. Show the skull with only the mPFC label. TEXT: See written protocol for details of stereotaxic surgery. 
Authors - please provide these panels as layered, single image files. 
2.4 [moved] Prepare the vibratome by fitting a sapphire blade [2.4.1-MED-over the shoulder], and setting it to cut at 320 micron thickness [2.4.2-CU]. 
2.4.1   [moved] *film as written
2.4.2	[moved] Show the display as it is set to 320 microns. 
After sacrifice according to approved methods, and removal of the brain [2.2.1-MED], use a scalpel to cut off the cerebellum [2.2.2-CU]. 
Talent places the brain on the cutting surface. 
*film as written. 
Then isolate the anterior portion of the brain containing the medial prefrontal cortex [2.3.1-CU]. Place the anterior portion of the brain in ice-cold cutting solution until slicing [2.3.2-MED]. 
*film as written. 
*film as written. 
[moved] Prepare the vibratome by fitting a sapphire blade [2.4.1-MED-over the shoulder], and setting it to cut at 320 micron thickness [2.4.2-CU].
[moved] *film as written. 
[moved] Show the display as it is set to 320 microns. 
Fill the cutting chamber with ice-cold cutting solution maintained at 4°C using a cooling unit [2.5.1-MED]. Oxygenate the solution [2.5.2-CU]. 
Talent fills lifts the cutting solution from an ice bucket and fills the chamber. Please get cooling unit in shot. {TAKE 2}
Talent places a bubbler in the solution. Bubbles are seen. 
Blot the brain dry with filter paper [2.6.1-MED]. 
*film as written. 
Glue the 4% agar block that has been cut at a 35-degree angle [2.7.1-CU] to the vibratome stage and glue the posterior part of the brain tissue onto this block [2.7.2-MED-over the shoulder]. Glue two additional agar blocks in front of and behind the brain block for stability while slicing [2.7.3-CU].
*film as written. 
*film as written. 
*film as written. 
Place the stage with tissue attached in the cutting chamber [2.8.1-MED] and insure it is submerged. Begin cutting the acute slices [2.8.2-MED - over the shoulder].  Cut each slice in half and transfer to an interface chamber supplied with oxygenated ACSF at room temperature [2.8.3-CU-TXT].
*film as written
Show talent cutting a slice. {TAKE 4}
Slice is placed in the interface chamber. TEXT: ACSF: Artificial Cerebrospinal Fluid. 
After cutting the acute amygdala slices, place the interface chamber in a water bath at 36°C [2.9.1-MED], and allow the slices to recover for 35-45 min [2.9.2-MED-over the shoulder]. 
The interface chamber is placed in the water bath. Get the temperature display in the shot if easily done. 
Talent presses start on a timer set to 45 minutes. 
Fix a subset of the slices containing the injection site for post-hoc analysis by sandwiching them between two pieces of filter paper [2.10.1-CU] and submerging them in 4% paraformaldehyde in PBS overnight [2.10.2-MED]. 
 *film as written. 
*film as written. 
Preparation of Coronal Amygdala Slices
Here, a recombinant adeno-associated viral vector engineered to express channelrhodopsin fused to a fluorescent protein [3.1.1-LM] was introduced into the medial division of the medial geniculate nucleus and adjacent posterior intralaminar nucleus by stereotaxic surgery [3.2.2-LM-TXT]. 
53628_Ehrlich_Figure1C. Show only the middle image labeled MGm/PIN. 
3628_Ehrlich_Figure1B. Show the skull with only the MGm/PIN label. TEXT: See written protocol for details of stereotaxic surgery. 
After obtaining the brain, use a scalpel to remove the cerebellum and anterior part of the brain [3.2.1-CU], and then cool the middle portion of the brain in ice-cold cutting solution as before [3.2.2-MED-over the shoulder]. 
The brain is already removed and on a flat surface. The cerebellum is removed using a scalpel. 
*film as written. 
Blot the brain with filter paper [3.3.1-CU] and then glue it to the vibratome stage [3.3.2-MED]. Again, fix an additional agar block behind brain for stability while slicing [3.3.3-CU].
[3.3.1 to 3.3.3 combined] *film as written. 
*film as written. 
*film as written. {Use TAKE 2 for agar block orientation} 
After fitting the stage into the cutting chamber filled with 4°C cutting solution [3.4.1-MED], cut 320 micron coronal sections through the amygdala [3.4.2-CU], cut them in half, and collect the sections in the interface chamber as before [3.4.3-CU].
Talent finishes fitting the stage. 
A section is cut through the amygdala. 
The section is placed in the interface chamber.
[added]  Under a stereoscope, using fluorescent illumination, check the injection site.
[added] CU: Talent at stereoscope.
[added] Fluorescent image of injection site [Lab Media] 53628_Ehrlich_Still1.png
Visualization and Stimulation of Presynaptic Fibers
To prepare the patch microscope for optogenetic activation of fibers and cells, center the mounted light emitting diode, or LED, onto the light delivery pathway [4.1.1-MED]. 
The LED is moved around and then centered on the light delivery pathway. 
Use a power meter to measure the LED light intensity at the back focal plane [4.2.1-MED] and at the output of each objective at a wavelength of 470 nm [4.2.2-MED-over the shoulder].
*film as written. 
Talent measures the output at one of the objectives. [Lab Media] 53628_Ehrlich_Video1.avi
Use a spreadsheet to calculate the light intensity in milliWatts per millimeter squared and create a calibration curve for each objective [3.3.1-MED-over the shoulder-TXT]. 
Talent working at the computer. Details not required. TEXT: LED intensity (%) vs light output (mW/mm2) [Lab Media] 53628_Ehrlich_Video2.avi
Next, retrieve an acute amygdala slice from the interface chamber [4.4.1-CU], and place it in the slice chamber mounted onto the microscope [4.4.2-MED]. Position the slice so that the slice surface facing upward in the interface chamber is also facing upward in the recording chamber [4.4.3-CU]. 
*film as written. 
*film as written. 
*film as written. 
Perfuse the slice with fresh, oxygenated ASCF at a rate of 1 to 2 milliliters per minute [4.5.1-MED]. The temperature should be approximately 31°C [4.5.2-MED]. 
 Show the mechanism for delivery of ACSF in action. Movement of the solution/bubbles should be visible. 
Show display or thermometer reading 31°C. 
Turn on the fluorescent lamp and select the appropriate filter sets for the specific fluorescent protein expressed [4.6.1-MED-TXT]. Use the 5x objective to obtain an overview [4.6.2-LM-TXT], and the 60x objective for assessment of fiber density within the target area [4.6.3-LM-TXT].
*film as written. TEXT: See written protocol for filter set details. 
Image of the region of interest at 5X Lab Media 53628_Ehrlich_Still2.tif. TEXT: 5x infrared image
Added Step: Green fluorescent image of the region of interest at 5X Lab Media 53628_Ehrlich_Still3.tif. TEXT: 5x Green fluorescence
Added Step: Red fluorescent image of the region of interest at 5X Lab Media 53628_Ehrlich_Still4.tif. TEXT: 5x Red fluorescence
Image of the region of interest at 60X Lab Media 53628_Ehrlich_Still5.tif. TEXT: 60x Red fluorescence
(Note to Authors: Please provide still images of the overview and fiber density assessment.)
Next, open or restrict the aperture in the microscope light pathway as necessary for the experiment [4.7.1-MED-over the shoulder]. 
Talent manipulates the aperture. Show the light emitted changing. 
To obtain a patch recording, fill a patch pipette with internal solution [4.8.1-CU], and mount it in the electrode holder [4.8.2-CU]. 
*film as written. 
*film as written. 
Apply positive pressure to the patch pipette [4.9.1-MED], and slowly lower it into the bath solution [4.9.2-CU]. Then, under visual control, use the micro manipulator to lower the patch pipette into the slice [4.9.3-MED]. 
Talent performs the manipulations required to apply positive pressure. 
*film as written. 
Talent looking through scope/at screen and using the micromanipulator. 
Approach the neuron of interest with the patch pipette from the side and top [4.10.1-LM]. Release the positive pressure when the pipette reaches the surface of the cell, as indicated by a dimple visible on cell surface [4.10.2-LM]. Apply negative pressure to obtain a “gigaseal” [4.10.3-MED].  
*To be provided by Authors 
[combined with 4.10.1] *To be provided by Authors [Lab Media] 53628_Ehrlich_Video3.avi
Talent applies negative pressure. 
Apply further suction to rupture the membrane patch [4.11.1-LM] and obtain the whole-cell recording [4.11.2-MED]. 
*To be provided by Authors [Lab Media] 53628_Ehrlich_Video4.avi
(Note to Authors: Please provide an image of the ruptured membrane patch.)
Show Talent obtaining and monitoring the recording. 
Next, stimulate the labeled fibers with the connected LED by activating channel rhodopsin with 470 nm wavelength light [3.12.1-CU] while recording electrical responses from the cell [3.12.2-MED]. 
Show the set up with light flashing from the LED. 
Show the whole set up with the recorded responses visible. 
For synaptic stimulation, use the digital outputs of the data acquisition software to trigger the LED. Adjust the LED stimulation intensity manually. Start stimulating with a low intensity and increase until the desired synaptic current amplitude is reached [3.13.1-SCREEN/MED-over the shoulder]. 
MED-over the shoulder or SCREEN CAPTURE, depending on Authors’ preference. *Film as written if MED-over the shoulder (talent inputs the last few parameters to stimulate the cell with a low LED intensity and increase until the desired synaptic current amplitude is reached [use typical values for this experiment]).
Added shot: [Lab Media] 53628_Ehrlich_Video5.avi
(Note to Authors: If you elect to have JoVE film this footage, no other steps have to be taken. Alternatively, if you elect not to have JoVE shoot this footage on the day of filming, please upload a screen capture file of this action.)
Repeat the stimulation with an opened or restricted aperture as necessary for the next recorded cell [3.14.1-MED], or in the presence of specific test substances [3.14.2-CU]. 
Talent changing the aperture. 
Added shot: [Lab Media] 53628_Ehrlich_Video6.avi
 A volume of liquid is pipetted from a vial/tube that is clearly labeled ‘CNQX’. 
After recording, fix slices for post-hoc analysis by sandwiching them between two filter papers and submerging them in 4% paraformaldehyde overnight [3.15.1-MED].
*film as written. Make sure talent’s face is in shot. Details not required here (previously seen). 
Results: Optogenetic Activation of Long Range and Local Projections
Fibers from the medial prefrontal cortex were stimulated using optogenetic paired-pulse stimulation [4.1.1-LM] while excitatory post-synaptic currents were recorded from a basolateral amygdala principal neuron [4.1.2-LM] and an interneuron [4.1.3-LM]. 
LAB MEDIA: 53628_Ehrlich_Figure3A. Show image with the cylindrical patch pipettes removed if possible. Flash the blue light and green ‘mPFC’ label and arrows. 
LAB MEDIA: 53628_Ehrlich_Figure3A. Cylindrical patch pipette appears at the triangle. 
LAB MEDIA: 53628_Ehrlich_Figure3A. Cylindrical patch pipette appears at the circle. 
These representative traces show the paired pulse facilitation and paired pulse depression elicited from the stimulation [4.2.1-LM-TXT]. 
LAB MEDIA: 53628_Ehrlich_Figure3B TEXT: Scale bar: 100pA/25ms 
The following two images demonstrate feed-forward inhibition elicited by optogenetic activation of fibers from the medial prefrontal cortex [4.3.1-LM]. 
LAB MEDIA: 53628_Ehrlich_Figure3C
This first image shows a representative excitatory post-synaptic current at -70 mV and inhibitory post-synaptic current at 0 mV in a basolateral amygdala principal neuron [4.4.1-LM-TXT]. The inhibitory postsynaptic current has a longer synaptic latency compared to the excitatory post-synaptic current, indicating disynaptic and monosynaptic input, respectively [4.4.2-LM-TXT]. 
LAB MEDIA: 53628_Ehrlich_Figure3C left image. TEXT: Scale bar: 200pA/10ms
LAB MEDIA: 53628_Ehrlich_Figure3C left image. Zoom into boxed area. TEXT: Scale bar: 200pA/2ms 
This image shows that the light evoked biphasic excitatory and inhibitory post-synaptic current sequence at -50 mV is blocked by the AMPA/Kainate antagonist CNQX, further supporting the disynaptic nature of the inhibitory post-synaptic current [4.5.1-LM]. 
[bookmark: _GoBack]LAB MEDIA: 53628_Ehrlich_Figure3C right image. TEXT: Scale bar: 50pA/5ms
This image shows the effects of a subsequent block of the excitatory and inhibitory post-synaptic current sequence at -50 mV by the chloride channel blocker picrotoxin  [4.6.1-LM] and picrotoxin plus CNQX [4.6.2-LM]. The inhibitory post-synaptic current is blocked by picrotoxin and the remaining excitatory post-synaptic current by CNQX [4.6.3-LM-TXT].
LAB MEDIA: 53628_Ehrlich_Figure3D. Begin with just there axis and the ‘control’ trace line if possible. Add the ‘PTX’ trace and label. 
LAB MEDIA: 53628_Ehrlich_Figure3D. Add the ‘PTX + CNQX’ label and trace. 
LAB MEDIA: 53628_Ehrlich_Figure3D. Keep showing the full image. TEXT: Scale bar: 50pA/5ms.

Conclusion (said by authors on camera)

Bosch, Daniel: Once mastered, the preparation of slices and recording of light-evoked responses can be done within several hours to a full day. The prerequisite are good injection sites and sufficient expression of the channelrhodopsin in the cells/projections to be studied.
Ehrlich, Ingrid: Following this procedure, other methods like subsequent anatomical studies of labeled axons and synapses can be performed at the light- or electron microscopic level to correlate the functional with anatomical or molecular properties of activated synapses.
Ehrlich, Ingrid: After watching this video, you should have a good understanding of critical steps required for studying light activated neural projections in brain slices, including Channelrhodopin expression, evaluation and activation of fibers and recording and analysis of synaptic responses.


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, .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.  

Insert your media filenames here.
2.1.1 - 53628_Ehrlich_Figure1C.ai - figure panel as requested
2.1.2 - 53628_Ehrlich_Figure1B.ai - figure panel as requested
3.5.2 - 53628_Ehrlich_Still1.png - dual color image of injection site from stereoscope
4.2.2 - 53628_Ehrlich_Video1.avi – screenshots of entering objective output values in spreadsheet
4.3.2 - 53628_Ehrlich_Video2.avi – screenshot of spreadsheet with final calculations
4.6.2 – 53628_Ehrlich_Still2.tif – greyscale image of amygdala at 5X
4.6.3 – 53628_Ehrlich_Still3.tif – single color (green) image of amygdala at 5X
4.6.4 -53628_Ehrlich_Still4.tif - single color (red) image of fibers in amygdala at 5X
4.6.5 -53628_Ehrlich_Still5.tif - single color (red) image close-in on fibers in amygdala at 60X
4.10.2 - 53628_Ehrlich_Video3.avi – screenshot of patch pipette approaching the cell
4.11.1 - 53628_Ehrlich_Video4.avi – screenshot of recording during with seal establishment and patch rupture
4.13.2 - 53628_Ehrlich_Video5.avi – screenshot of recording of synaptic responses upon light stimulation with increasing intensities
4.14.2 - 53628_Ehrlich_Video6.avi – screenshot of recording of synaptic responses upon light stimulation with restricted aperture
5.1 - 53628_Ehrlich_Figure3A.ai - figure panel as requested
5.2 - 53628_Ehrlich_Figure3B.ai - figure panel as requested
5.4 - 53628_Ehrlich_Figure3C_left.ai - figure panel as requested
5.5- 53628_Ehrlich_Figure3C_right.ai - figure panel as requested
5.6- 53628_Ehrlich_Figure3D.ai - figure panel as requested


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 are included in the email accompanying the finalized script.
 2013, Journal of Visualized Experiments
