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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera?  Both Y/N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Concerning the stereotaxic injection part: 
We have a small camera (Dino-lite) connected to a computer for demonstration but we preferably use the stereoscope as it gives a better time and depth resolution. Both are possible even though the stereoscope would be a better choice. The stereomicroscope is a VISISCOPE SZT from VWR (catalog number 630-1584).

Concerning the patch-clamp recording part:
We are potentially able to record the images (neurons, patch pipette, etc…) through the camera (Andor LUCA CCD camera DL-604M with Andor solis software) we are using to display those images live, but we haven’t tried it yet. If this fails, there is still the option to film through the oculars of the microscope (Olympus BX51W1)2. 


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.

3. Which steps from the protocol section below are the most important for viewers to see? 
The first important step of this protocol is to well position the animal in the stereotaxic frame so as to ensure a quality injection (step 2.3). 
Then, the steps 2.8 and 2.9 are crucial for the efficiency and the stereotaxic precision of the injection itself as it doesn’t involve modification of the coordinates. 
In 2.11, the vision of the small drop ejected from the syringe will emphasize the necessity to ensure that ejection system works well, before inserting the needle in the brain.
A good sectioning and oxygenation of the brain is necessary for quality slices (3.4). 
Finally, step 4.6.1 will give a good overlook to the stimulation 

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 

We assume the most difficult aspect of this procedure is the leveling of the bregma-lamba axis (step 2.5). The two need to be at the same level to avoid deviation from the target coordinates when inserting the needle in the brain. Thus, we proceed with iterative measures of the level of each point relatively to each other while moving up and down the head piece of the stereotaxic frame.


5. Will the filming need to take place in multiple locations? Y
We wish to point out that the animal facility has strict conditions for entering, in particular a quarantine of 4 to 5 days prior without contact to animals from other facilities.

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Desdemona Fricker: The aim of this method is to identify the functional connectivity of long-range inputs from distant brain regions using photostimulation in ex vivo brain slices [1].
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. (last one)
	

1.2. Desdemona Fricker: The stereotaxic targeting of a specific brain region for virus-mediated expression of light-sensitive ion channels allows the selective stimulation of axons coming from that region with light [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. (take 2)



Introduction of Demonstrator: (Said by you on camera)

1.3. Desdemona Fricker: Demonstrating the procedure will be Louis Richevaux, a PhD student from my laboratory.  
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






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


1.4. Procedures involving animal subjects have been approved by the Animal experimentation ethics committee of Paris Descartes University (CEEA 34). 
	


Section - Protocol
2. Stereotaxic Surgery

2.1. Before the surgery, verify that the animal is well-anesthetized with a toe pinch [1]. Gently pull out its tongue to facilitate breathing [2]. Then, shave the cranial hair [3]. 
2.1.1. MED: Talent gives the animal a toe pinch
2.1.2. CU: Close up of the animal as its tongue is pulled out 
2.1.3. CU: Close up of the animal as its cranial hair is shaved

2.2. Inject 20 microliters of lidocaine hydrochloride under the skin of the head for local anesthesia and wait 5 minutes [1-TXT]. To expose the skull, make a cut on the scalp [2].
2.2.1. CU: Close up of the animal’s head as lidocaine hydrochloride is injected. Text: 4 mg/mL, 2 mg/kg
2.2.2. CU: Close up of the animal’s head as a cut is made on the scalp to expose the skull

2.3. Then, place the animal in a stereotaxic frame [1]. Insert the ear bars and rest them on the bones slightly rostral to the ears and pull down the skin to create good access to the skull [2]. Maintain the animal’s body horizontally and at the level of the head using a height-adjusted support [2.4.1]. Place a heating pad under the animal to keep it at physiological temperature [2.4.2.].
2.3.1. MED: Talent places the animal in a stereotaxic frame
2.3.2. CU: Close up of the animal’s head as the ear bars are inserted and the skin is pulled down to create access to the skull

2.4.1 and 2.4.2 should be inserted here 

2.3.3. CU: Close up of the animal’s head as the ear bars are tightened and the nose piece is installed (2sd part) – Moved in front of 2.4.3.

2.4. Tighten the ear bars and install the nose piece [2.3.3], and then clean the skull by applying 0.9% sodium chloride with a cotton swab to remove soft tissue [3].
2.4.1. CU: Close up of the animal as the horizontal level of the head it adjusted (2sd part) goes after 2.3.2
2.4.2. CU: Close up of the animal as a heat pad is placed underneath (goes after 2.4.1. – see above)
2.4.3. CU: Close up of the animal’s head as NaCl is applied to remove soft tissue

2.5. Adjust the skull so that the bregma-lambda axis is leveled [1]. Then, locate the injection site on the skull according to the posterior and medial coordinates, and position the injection needle above it [2]. Mark the skull with a disposable needle [3]. 
2.5.1. SCOPE CU: Show that the bregma-lambda axis along the skull is being adjusted 
2.5.2. SCOPE: Show that the injection needle is moving towards the injection site
2.5.3. SCOPE: Show that the skull is marked with a needle

2.6. Subsequently, move the injection needle upward by 4 centimeters [1]. Use a 0.5-millimeter burr, create a 1 millimeter diameter craniotomy on the mark at one-half of the maximum speed [2]. Swab with a tissue if any bleeding occurs [3]. 
2.6.1. CU: Close up of the injection needle as it moves upward
2.6.2. SCOPE: Show that a 1 mm diameter craniotomy is created on the mark
2.6.3. SCOPE: Show that a tissue is used to clean up the blood

2.7. Next, empty the water contained in the Hamilton syringe for storage by completely ejecting it with the pump [1]. Only the needle is filled with water [2].
2.7.1. CU: Close up of the syringe as the water is ejected 
2.7.2. SCOPE: Show that only the needle is filled with water

2.8. Thaw the viral solution to be injected on ice [1]. Then, briefly remove it from the ice and obtain 700 nanoliters of the solution with a micropipette [2]. Next, deposit a drop on a piece of paraffin film [3].
2.8.1. MED: Talent places the viral solution on ice
2.8.2. CU: Close up of the micropipette as it draws up the viral solution
2.8.3. CU: Close up of the drop as it is deposited on a piece of paraffin film

2.9. Place the paraffin film on top of the craniotomy [1]. Plunge the needle in the drop of viral solution without changing the antero-posterior and lateral position [2]. 
2.9.1. SCOPE: Show that the paraffin film is placed on top of the craniotomy
2.9.2. SCOPE: Show that the needle is plunged in the drop of viral solution + withdraw

2.10. Afterward, use the “withdraw” function of the pump to fill the syringe with about 500 nanoliters of the viral solution on the paraffin film [1].  Perform this procedure under the stereoscope, watch the drop disappearing and make sure not to aspirate any air [2]. 
2.10.1. MED: Talent sets the pump to withdraw the viral solution
2.10.2. SCOPE: Show that the drop is being withdrawn (with 2.9.2)

2.11. Make sure the syringe has been filled correctly [1]. Test the ejection system by driving down the plunger to “test eject” a small drop of liquid and then wipe it off [2].
2.11.1. CU: Close up of the filled syringe
2.11.2. SCOPE: Show that a small drop is ejected and wiped off

2.12. Subsequently, insert the needle into the brain to the chosen depth [1]. Push the “run” button for injection [2-TXT]. Then, slowly withdraw the needle over 3 to 5 minutes [3].  
2.12.1. SCOPE: Show that the needle is inserted into the brain
2.12.2. MED: Talent pushes the “run” button. Text: Injection: 15 nL/min, 150 nL
2.12.3. SCOPE: Show that the needle is being slowly pulled up  (with 2.12.1)

2.13. Immediately wash the needle in clean distilled water by filling-emptying it several times in order to avoid clogging [1]. Afterward, remove the animal from the stereotaxic frame [2]. Suture the skin and make three or four stiches, tied with 2-1-1 standard surgical knots [3].
2.13.1. CU: Close up of the needle as it is being cleaned
2.13.2. MED: Talent removes the mouse from the stereotaxic frame
2.13.3. CU: Close up of the mouse’s head to show the stitches (2sd part)

3. Preparation of Brain Slices 

3.1. To extract the brain, make a cut on the skin from the neck to nose, then section the last vertebra from the skull with scissors [1]. Retract the skin and cut the skull along the midline from caudal to rostral direction [2]. 
3.1.1. MED: Talent cuts the skin of the animal’s head from neck to nose and sections the last vertebra from the skull
3.1.2. CU: Close up of the head as the skin is retracted and the skull is cut along the caudal-rostral direction

3.2. Carefully remove the parietal bone and the caudal part of the frontal bone [1]. Extract the brain with a small rounded spatula by inserting it between the brain and the cranial floor, sectioning the olfactory bulb, optic nerve and other cranial nerves, and cerebellum [2].
3.2.1. CU: Close up of the skull as the parietal bone and caudal part of frontal bone are removed
3.2.2. CU: Close up of the brain as it is extracted

3.3. [bookmark: _Hlk819891]Gently submerge the brain in ice-cold cutting solution [1]. Subsequently, transfer the brain to a filter paper and gently dry the cortical surface [2]. Glue the brain cortex to the specimen holder of a vibratome, with the caudal side facing the blade in order to cut horizontal brain slices [3].
3.3.1. CU: Close up of the brain as it is submerged in ice-cold cutting solution in a beaker (2 versions)
3.3.2. CU: Close up of the brain as it is transferred to a filter paper and the cortical surface is dried gently
3.3.3. CU: Close up of the brain as the cortex is glued to the specimen holder 

3.4. Next, fill the cutting chamber with ice-cold oxygenated cutting solution so the brain is fully immerged [1]. Section 300 micrometer thick slices with the vibratome at a speed of 0.07 millimeter per second at 1 millimeter amplitude [2-TXT].
3.4.1. CU: Close up of the cutting chamber as it is filled with cutting solution to cover the brain
3.4.2. CU: Close up of the brain tissue as it is being sectioned. Text: 300 um thick, 0.07 mm/s, 1 mm amplitude

3.5. At this stage, it is recommended to briefly check the Chronos-GFP expression in the thalamus using a fluorescent flashlight and corresponding filter glasses [1]. 
3.5.1. MED: Talent wearing filter glasses while illuminating the bath containing fresh-cut slices with a handheld fluorescent flashlight. (Cu at the end)

4. Whole-Cell Patch-Clamp Recording 

4.1. To perform whole-cell patch-clamp recording, gently transfer a brain slice containing the hippocampal complex to the recording chamber [1]. Continuously perfuse the recording chamber with 34 degrees Celsius ACSF bubbled with carbogen at 2 to 3 milliliters per minute [2].
4.1.1. MED: Talent transfers a brain slice containing the hippocampal complex to the recording chamber
4.1.2. CU: Close up of the chamber to show that the brain slice is being perfused with ACSF

4.2. Briefly examine Chronos-GFP expression in axon terminals in the region of interest with blue LED illumination at 4x magnification [1]. Change to a 63x immersion objective and adjust the focus [2]. Check for axons expressing Chronos-GFP and choose a pyramidal neuron for patch recording [3].
4.2.1. To be submitted by authors. SCREEN: Show Chronos-GFP expression in axon terminals in the region of interest with blue LED illumination at 4x magnification
4.2.2. To be submitted by authors. SCREEN: Show that focus is being adjusted at 63x
4.2.3. To be submitted by authors. SCREEN: Show the axons expressing Chronos-GFP and position a pyramidal neuron at the center of the screen

4.3. Next, fill a pipette with potassium-gluconate-based internal solution [1]. Mount it in the pipette holder on the head-stage [2]. Patch the cell in voltage-clamp configuration [3].
4.3.1. MED: Talent fills a pipette with internal solution
4.3.2. MED: Talent mounts the pipette in the holder on the head-stage
4.3.3. MED: Talent sets the setting to voltage-clamp configuration (take 2)

4.4. Approach the identified neuron and delicately press the pipette tip onto the soma [1]. The positive pressure should produce a dimple on the membrane surface [2]. Then, release the pressure to create a giga-ohm seal [3]. 
4.4.1. To be submitted by authors. SCREEN: Show the pipette approaching the neuron and its tip presses onto the soma
4.4.2. To be submitted by authors. SCREEN: Show a dimple on the membrane surface
4.4.3. MED: Talent releases the pressure 

4.5. Once sealed, set the holding voltage to -65 millivolts [1]. Break the membrane with a sharp pulse of negative pressure [2]. Record the responses of the neuron to hyperpolarizing and depolarizing current steps in whole-cell current clamp mode [3].
4.5.1. MED: Talent sets the holding voltage to -65 mV
4.5.2. To be submitted by authors. SCREEN: Show the cell as its membrane is broken with a sharp pulse of negative pressure
4.5.3. To be submitted by authors. SCREEN: Show the responses of the neuron to hyperpolarizing and depolarizing current steps
4.6. Record in current- or voltage-clamp postsynaptic responses to 475 nanometer LED whole-field stimulation of afferent fibers expressing Chronos [1]. Stimulate with trains of 10 stimulations of 2 millisecond duration at 20 Hz [2-TXT].
4.6.1. CU: Close up of the recording chamber as the objective delivering blue light pulses.
4.6.2. To be submitted by authors. SCREEN: Show the responses of the neuron to the trains of stimulations. Text: 10 stimuli of 2 ms duration, 20 Hz











Section – Results
5. Results: Presubicular Layer III Neuron: Intrinsic Properties, Responses to Light Stimulation, and Post-hoc Revelation of Cell Morphology 
5.1. The activity of presubicular neurons in layer III in response to hyperpolarizing and depolarizing current steps was recorded in the whole-cell patch-clamp configuration [1]. 
5.1.1. LAB-MEDIA: Figure 2A – Video editor, show image 2A
5.2. Stimulating ADN axon terminals expressing Chronos-GFP elicited excitatory post-synaptic potentials in presubicular layer III principal cells in current clamp mode. Depending on light intensity, the EPSPs could reach action potential threshold. [1-TXT].
5.2.1. LAB-MEDIA: Figure 2B. – Video editor, show image 2B (blue bars first, then add the rest of the figure) 
Text: ADN: Antero-dorsal thalamic nuclei, EPSPs: Excitatory post-synaptic potentials 
5.3. Postsynaptic responses were also observed in voltage-clamp mode as excitatory post-synaptic currents were elicited [1-TXT]. 
5.3.1. LAB-MEDIA: Figure 2C. – Video editor, show image 2C (blue bars first, then add the rest of the figure)
Text: EPSCs: Excitatory post-synaptic currents 
5.4. Shown here is a layer III pyramidal neuron [1] surrounded by thalamic axons expressing Chronos-GFP in presubicular superficial layers with DAPI staining imaged with an epifluorescence microscope [2]
5.4.1. LAB-MEDIA: Figure 2D – Video editor, show image 2D
5.4.2. LAB-MEDIA: Figure 2D – Video editor, add filled yellow triangle 
5.5. And this image was taken at a higher magnification with confocal microscope [1].
5.5.1. LAB-MEDIA: Figure 2E – Video editor, show image 2E, then add filled yellow triangles



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Louis Richevaux: Careful leveling of the bregma-lambda axis and performing pilot experiments with a fluorescent tracer are crucial to improve the precision of the stereotaxic injection [1]. 
6.1.1. Lab MEDIA: 2.5.1 Video editor, please show 2.5.1
6.2. Louis Richevaux: This procedure can also be used to investigate converging projections from different areas by injecting two channelrhodopsins sensitive to two different wavelengths [1]. 
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Louis Richevaux: The development of this technique has allowed precise anatomical and functional circuit analysis between distant brain regions in a cell-type specific manner [1]. 
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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