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Videographer: This protocol requires scope shots from an Olympus BX-51 and Leica TCS SP2, which the authors indicate they do not need assistance in performing.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to apply modern optogenetic techniques to photostimulate targeted neuronal pathways in in vitro slice preparations. (Intro)  
This is accomplished by first expressing channel-rhodopsin in the neuronal cell lines of interest (P1) The second step of the procedure is to make acute slice preparations of the relevant brain structures to be studied. (P2)  
The next step is to record responses from neurons in the slice preparation in response to photostimulation of the channel-rhodopsin-expressing fibers. (P3)  
The final step is to image the distribution of channel-rhodopsin expressing neurons and fibers. (P4)  Ultimately, this approach enables an assessment of the functional topography and synaptic properties of neural circuits using laser-scanning photostimulation of optogenetically targeted neural components (P5)
Video editor:

P1 – For this step, use the top part of the first graphic as follows: First show the mouse and virus with the line graphics below, then animate the virus shrinking down and getting loaded into the syringe, sucked up from the needle (animate needle filling up).  Next, animate the needle injecting the solution into the head of the mouse, between the ears.  Get rid of the black backgrounds.
P2- Now animate a stock image of a brain being removed from the mouse’s head.  Then, show the stock brain image being sliced like a piece of bread, to create one center slide (two slices on either side).  

P3 – Animate the slice of brain being laid onto a small Petri dish (stock – slice chamber would be better if available) and have the loaded dish shrink down to the location of the “Slice Chamber” on the A graphic.  Remove the letter A.  Animate the blue line as initially not there, then add it (no fade – instant).
P4 – Use the graphic with letter B.  If possible, add the 1 through 5 in order with the arrows as you go, so image isn’t static.  Otherwise, animate this graphic flipping up from the “CCD camera” location on the previous graphic.
P5 – Show figures 5A and 5B sequentially.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Charles Lee: The main advantage of this technique over electrical stimulation methods is the ability to specifically target and stimulate particular neuronal cell-types and examine their long-range projections in vitro.   

1.2. Kazuo Imaizumi: This method can help answer key questions in the field of systems neuroscience, such as the functional organization of complex forebrain circuits.  

Protocol Chapters (read by a voice talent at JoVE):
2. Surgery and Injections

2.1. Prepare a syringe and needle to inject the viral solution, which contains 4 µg per mL of polybrene to enhance transfection.
2.1.1. WID: talent loading a syringe to inject mouse

2.1.2. MED: mounting/positioning the needle to the contraption used to hold the mouse’s head in place, brain exposed
2.2. Then, pressure-inject 200 nL of the solution using the syringe pump.
2.2.1. CU: injecting the syringe content into the mouse brain
2.3. Two to three weeks later, there will be adequate expression of channel-rhodopsin.
2.3.1. MED: post-injection care of animal - show heat lamps, fresh bedding, cage, etc.  – mouse could be being removed from injection location to recovery location
3. Slice Preparation 

3.1. Slice preparation should be performed as quickly as possible.  After removing the injected brain, make a block of the brain in the desired orientation using a clean razor blade.
3.1.1. WID: talent at dissection bench, finishing the removal of a mouse brain

3.1.2. MED: setting brain into block

3.1.3. CU: orienting the brain within the block using blades 
3.2. Next, affix the blocked surface of the brain to the cutting stage using instant adhesive glue.
3.2.1. CU: applying glue to the block and attaching it to the cutting stage
3.3. Then, transfer the stage to a freezer-chilled vibrotome cutting chamber and pour ice-cold ACSF into the cutting chamber.
3.3.1. MED: loading the cutting stage into an obviously cold cutting chamber – there should be condensation or frost on the chamber

3.3.2. MED: talent lifts bottle of ACSF (labeled clearly) out of ice and pours some into chamber
3.4. Now, slice the brain sections using a vibrotome into four to five hundred micron-thick sections. (TEXT: 400 – 500 µm)

3.4.1. MED: loading the chamber into the vibrotome

3.4.2. ECU: slicing the brain-block, show any movement of apparatus or, if obscured, show a CU of talent operating the apparatus
3.5. Transfer the brain slices to an oxygenated holding chamber and allow them to incubate at 30 ºC for at least an hour before proceeding with the experiment.
3.5.1. CU/MED: moving brain slice from block to the holding chamber

3.5.2. WID: talent loading holding chamber into 30 ºC incubator
4. Physiological Recording with Laser-scanning Photostimulation 

4.1. When ready to begin the experiment, transfer the brain slice to the stage of the electrophysiological recording rig.  
4.1.1. WID: talent enters room with e-phys rig, carrying slice chamber

4.1.2. MED: CU: loading slice into the stage of the rig
4.2. Record a neuron using standard whole-cell patch clamp techniques.  Briefly, position the recording pipette by the neuron while applying positive pressure to the pipette. After contact with the cell is made …

4.2.1. MED: talent using micromanipulator to move recording pipette into position, showing application of positive pressure to the pipette if manual

4.2.2. SCOPE: neurons, with pipette coming into view next to a cell body and then contacting the cell
4.3. … release the pressure and apply suction to form the gigaohm seal. Then, apply brief suction to break the membrane for a whole-cell configuration and take recordings in voltage or current clamp modes.
4.3.1. MED: SCREEN: screen or instruments showing the resistance - change when pipette ruptures the neuron to make the Giga-ohm seal
4.3.2. MED: talent applying suction to the recording pipette
4.3.3. MED: computer or instruments, talent sets the recording mode to current- or voltage-clamp
4.4. Operate the laser scanner with either Tidelwave or Ephus data acquisition software.  The software must be calibrated to the photodiode before use.
4.4.1. MED: pan over the laser scanner set up, getting the Leica name on the shot should be discreet, but visible (Hardware was Olympus)
4.4.2. MED: as above, 2nd angle

4.4.3. SCREEN SHOT: splash screen for opening Tidelwave or Ephus, or representative screen and measurements being made
4.5. To control the power of the laser, a variable neutral density wheel is placed in its path.  Rotating the wheel adjusts the laser’s power.  By measuring at the back focal plane, the power is typically set to between 25 and 70 mW.
4.5.1. ECU: neutral density wheel in the rig

4.5.2. CU: talent rotates the wheel
4.5.3. CU: instrument under the scope, used to measure laser output (no block) and the reading off of the instrument between 25-70 mW, laser is on
4.6. The pulse parameter of the shutter controls the length and timing of stimulation.  (TEXT: 2 ms is typical)
4.6.1. CU: SCREEN: adjusting the shutter control and setting to 2 ms
4.7. In the software, an image of the region to be stimulated can be made from the “Grab Video” function.
4.7.1. SCREEN SHOT: getting the image of the neuron’s region with patch pipette in view
4.8. Next, set the stimulation grid, such as a 16 x 16 grid with 80 micron spacing. 
4.8.1. SCREEN SHOT: setting the grid and 80 micron spacing
4.9. Then, overlay the grid onto the acquired image and adjust the x-y coordinates and degree of offset to optimize the orientation.
4.9.1. SCREEN SHOT: overlaying grid on image, adjusting coordinates, adjusting degree of offset
4.10. To start the stimulation, activate the ‘map’ function.  
4.10.1. SCREEN SHOT: activating the map function and showing stimulation
4.11. The data is retained and can be analyzed using the off-line analysis program in Tidelwave …
4.11.1. SCREEN SHOT: opening Tidelwave and loading data
4.12. … or it can be analyzed using the ‘MapAnalysis’ program in the Ephus software.
4.12.1. SCREEN SHOT: Ephus software, executing MapAnalysis funtion
5. Fixed Slice Imaging

5.1. After completing the physiological recordings on the slice, the expression pattern of YFP-tagged channel-rhodpsin can be documented.
5.1.1. WID: CU: removing the slice chamber from under e-phys rig

5.1.2. WID: arriving with slice at location where fixation is performed
5.2. First, fix the slice overnight in 4% PFA in 0.01 M PBS, at 4 ºC.
5.2.1. MED: pouring out a bath of PFA in PBS, chilled, and submerging the slice chamber Set down chamber, move to PFA jar.
5.2.2. WID: loading chamber into cold incubation (fridge)

5.3. The next day, transfer the slice to 30% sucrose / 4% PFA solution, for overnight cryoprotection.

5.3.1. MED: (bottle of 30% sucrose and/or 4% PFA in background of shot) moving the slice to new bath or changing the solution in the chamber with slice

5.3.2. WID: putting the slice back into the overnight conditions, cold incubation
5.4. The following day, cut 50 micron sections of the slice on a cryostat.  (TEXT: 50 µm)  
5.4.1. WID: talent at cryostat making slices on the cryostat
5.5. Rinse the slices in PBS (TEXT: 0.01 M PBS) and mount them for imaging with an anti-fade medium.
5.5.1. MED: the collected 50 micron slices are rinsed in PBS, label in view (0.01 M PBS)

5.5.2. CU: applying anti-fade mounting medium to slice on a slide, bottle of medium in view

5.6. At the confocal microscope, after finding the region of interest in white light, use a 514 nm excitatory wavelength and a 527 nm emission wavelength to image YFP. (TEXT: 514 nm excitatory, 527 nm emission)

5.6.1. WID: talent at confocal microscope, adjusting the stage and finding the region of interest, Leica logo captured
5.6.2. MED: operation computer screen, talent operating computer - setting the wavelength on the software and taking images of the region of interest
6. Channelrhodopsin Expression in V1-V2 and S1-VP Projections
6.1. A viral construct that drives expression of channel-rhodopsin-EYFP in excitatory glutamatergic neurons was injected into the primary visual cortex of a Balb/C mouse.  Viral expression was found in tracts between the primary and secondary visual cortices and in the corticothalamic fibers of the LGN.
6.1.1. LAB MEDIA: Fig3A

6.2. Whole-cell patch clamp recording from a neuron in the secondary visual cortex, marked by the star, revealed EPSCs following laser-scanning photostimulation of the channel-rhodopsin-expressing fibers in the lower layers of V2.
6.2.1. LAB MEDIA: Fig3b
6.3. Corticothalamic projections from layer 6 of the primary somatosensory cortex to the ventroposterior nucleus were studied using a Cre-Lox approach to express channel-rhodopsin in layer 6 corticothalamic neurons and in their projections. 
6.3.1. LAB MEDIA: Fig1 - schema
6.4. As expected, transfection by a ‘floxed’ AAV construct into a Cre-transgenic mouse resulted in channel-rhodopsin expression in the targeted, layer 6 neurons and their fibers, extending to layer 4.
6.4.1. LAB MEDIA: Figure 4A
6.5. Channel-rhodopsin-EYFP expression was also noted in fibers projecting to VP. 
6.5.1. LAB MEDIA: Fig4b
6.6. Physiological recordings from a VP neuron, using whole-cell patch clamp, revealed that EPSCs could be elicited following photostimulation near the recorded neuron, which is marked by the star.
6.6.1. LAB MEDIA: Fig4c

6.7. Off-line analysis depicts the mean response amplitude to photostimulation in VP.
6.7.1. LAB MEDIA: Fig4d
6.8. Resectioned, 50-micron slices of layer 6 corticothalamic neurons, expressing channel-rhodopsin-EYFP, revealed a fine pattern of labeled fibers traversing from layer 6 to layer 4, where they terminated and arborized extensively.
6.8.1. LAB MEDIA: Figure 5A
6.9. In addition, corticothalamic fibers were observed entering the white matter and traversing towards the thalamus.
6.9.1. LAB MEDIA: Figure 5B
7. Conclusion Interview (spoken by you on camera)
7.1. Charles Lee: After watching this video, you should have a good understanding of how to apply modern optogenetic techniques to photostimulate targeted neuronal pathways in in vitro slice preparations.

7.2. Kazuo Imaizumi: Don't forget that working with lasers can be extremely hazardous and precautions such as protective eyeware should always be taken when performing the calibration steps associated with this procedure.  
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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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