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Title: Optogenetic Stimulation of the auditory nerve

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique?

Y – 2.2-2.5, 3.3-3.9, 4.8 and 4.10-4.12
Microscope: Carl Zeiss OPMI Pico S100 Wallstand

B. Does your protocol include detailed, step-by-step, descriptions of software usage? N 
C. Which steps of your protocol will viewers benefit most from having filmed? 3.3-3.9 and 4.8
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  Appropriate positioning and orientation of the µLED or optical fiber are critical for successfully eliciting optogenetic responses of the auditory nerve. 
E. Will the shoot take place in more than one location? N
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to optically stimulate the auditory nerve of animals with optogenetically modified spiral ganglion neurons. (Intro)  This is accomplished by first preparing either a blue micro-LED stimulator … or an optical fiber coupled to a blue laser. (P1)  The next step of the procedure is to access the cochlea using a retroauricular microsurgical approach. (P2)  The third step is to position of the optical stimulator to record optically evoked brainstem responses. (P3)  The final step is to access the inferior colliculus to record optically evoked activity. (P4)  Ultimately, results can show successful stimulation of the auditory system through recordings of auditory brain stem responses and local field potentials in the inferior colliculus. (P5)

Video editor:

P1 – First animate the top diagram.  Begin with the tube and the blue dot with two long lines attached, separated.  Animate the lines moving through the tube.  Then, animate a dropper moving in and providing drops of glue to the end with the blue dot.  Next fade on the plug-looking thing and attach the two free ends of the lines to it.  Then, animate the dropper putting glue on the tube and the plug thing securing itself to the tube.  

Pause the narration at “stimulator” until this is completed.  At “or” fade add to the screen the other part of the P1 illustration.

P2 – Fade on the mouse made for P2.  Then add the dashed lines by the ear.  Then, open a wedge there, like seen in P3.  Lastly, move the blue line down to that spot, and finish as positioned in P3.

P3 – There are three needle-like shapes with line attached.  Move each needle-like shape to the mouse individually and then add the “+” “-“ “(v)” and “RL”.

P4 – Move the mouse, as is to the top left corner of the screen and fade on the mouse shown in P4 below it.

P5 – Fade on the top right graph at “recordings”, then at “and local” fade on the bottem right graph.  These fades can be left to right wipes, for added effect.

[image: image1.emf]
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Tobias Moser: Optogenetic stimulation of the auditory nerve as an alternative to electrical cochlea implants promises better frequency and intensity resolution. This is of great interest for auditory research, but the implications of this technique extend toward improved restoration of hearing in the deaf. 
1.2. Victor Hernandez: This method can help answer key questions in auditory research, such as the role of patterned activity for the refinement of tonotopy during development, the requirement for spectral integration in sound localization and the extent of interaction between frequency-specific afferent projections in the central auditory system. 
1.3. Anna Gehrt: The main advantage of this technique over existing methods, like electrical stimulation of the cochlea, is that optical stimulation offers better frequency resolution.

1.4. Marcus Jeschke: Visual demonstration of this method is critical, as the appropriate positioning and orientation of the µLED or optical fiber are difficult to learn.

Protocol Chapters (read by a voice talent at JoVE):

2. Preparing the µLED Stimulator

2.1. The micro-LED stimulator uses a blue LED with a 200 square micron active surface.
2.1.1. WID: talent with scissors and epoxy at ready, takes hold of blue LED – at microscope as well
2.1.2. ECU: the blue LED in talent’s hand,
2.2. First, solder wires to the micro LED. 
2.2.1. SCOPE: trimming the support surface and Soldering wires of to the LED

Part 1 in take 4, part 2 in take 5
2.3. Next, using an epoxy, encapsulate the LED and its connection.  Allow it to dry overnight.
2.3.1. SCOPE: epoxy dripped all around the LED and attached wires
2.4. Once cured, feed the wires through a 1-mm outer diameter, borosilicate glass capillary.  The glass provides mechanical stability and electrical insulation.
2.4.1. MED: talent, looking slightly different as this is the “next day”, has other parts for µLED at ready
2.4.2. SCOPE: feeding wires through a glass tube
2.5. Seal the junction of the capillary and the epoxy-coated LED with more epoxy. Position the capillary so it can be mounted to a manipulator. 
2.5.1. MED: preparing to add epoxy 

2.5.2. SCOPE: adding epoxy to tube where LED pokes out end

Part 1 in take 1, part 2 in take 2

2.6. Now, check the electrical connections. First, prepare three copper wires.  Dip one end of each into a 0.9% sodium chloride bath.  Then connect their other ends to an ABR-amplifier.  Monitor the signal with an oscilloscope.
2.6.1. MED: wires are dipped into solution, their other ends are attached to an ABR-amplifier and then attached to an oscilloscope – first show this preparation for the first wire from a MED angle 

2.6.2. CU: connecting dipping the second third wire into the solution to the amplifier
2.6.3. MED: completing attachments for the third wire and connect to the oscilloscope
2.7. Next, connect the micro LED to the custom-made stimulator.
2.7.1. CU: connecting LED to stimulator
2.8. For the test, immerse the stimulator-connected micro LED in the bath and power the LED for at least 20 minutes.
2.8.1. MED: dipping the LED into bath with the wires

2.8.2. MED: adjusting stimulation, LED should light up in bath
2.9. While stimtulating the LED, monitor the oscilloscope for artifacts.  Discard any faulty LEDs.  (TEXT: 20 min)
2.9.1. MED: talent turns attention to the oscilloscope once the LED stimulation is set

2.9.2. CU: oscilloscope, show the turning on of the LED, then stable, and then the turning off of the LED (good example)
2.9.3. Added shot: CU: oscilloscope, show the turning on of the LED, then stable, and then the turning off of the LED (bad example - faulty LED)

Video editor – insert a clock wipe while the oscilloscope is stable to indicate the passage of 20 minutes of monitoring a stable signal
3. Cochleostomy for Stimulator Implant
3.1. Anesthete a four to ten week old mouse (TEXT: 1.32 mg urethane + 5 mg xylazine + 0.1 mg buprenorphine / kg, i.p. in 0.9% NaCl).  This mouse expresses channel rhodopsin 2 under the Thy1.2 promoter.
3.1.1. WID: talent setting up injecting the mouse on the heating pad, draping face if possible
3.1.2. MED: checking the temperature of the heating pad, show all the tools ready on the bench with a panning shot
3.2. Ten minutes after injecting the anesthetics, check the animal’s withdrawal reflex to confirm a surgical plane of anesthesia.  Then, apply ointment to the eyes and start the surgery.
3.2.1. CU: pinches toe of animal, no response

3.2.2. MED: applying ointment to applicator and then using applicator to apply ointment to eyes of mouse
3.3. First, carefully shave the retroauricular area to make an approach to the bulla, the air-filled middle ear cavity.
3.3.1. CU: shaving the area for surgery

3.3.2. ECU: finishing the shaved patch
3.4. Set the mouse on a heating pad at the surgical side. Using micro forceps, carefully dissect the neck muscles - namely the platysma, sternocleidomastoid and scalenes.
3.4.0
Added shot: Set the mouse on the pad.
3.4.1. SCOPE: dissecting the neck muscles, pointing out the platysma, the sternocleido​mastoid and the scalenes muscles
3.5. Now, expose the bulla.  It is a spherical, boney structure with a ring on the surface where the tympanic membrane is located.  Using an insulin needle, poke a hole just below the ring.
3.5.1. SCOPE: exposing the bulla and showing it morphology, then poking a hole in it with syringe needle
3.5.2. LAB MEDIA: 52069_Moser_Figure1A.tif
3.6. From the hole, remove the bone that covers the bulla. Use fine Rongeurs and microforceps, exposing the promontorium and cochlea in the process.
3.6.1. SCOPE: trimming an opening from the hole, exposes promontorium and cochlea – both of these structures need to be identified
3.6.2. LAB MEDIA: 52069_Moser_Figure1B.tif
3.7. Next, start the cochleostomy.  First, shave off the bony capsule without disrupting the membranous labyrinth.   
3.7.1. SCOPE: shaving off the boney capsule – the area of the membranous labyrinth, to avoid, should be pointed out
3.8. Now, open a small 500 to 800 micron window on the second cochlear turn, far from the stapedial artery and the apex.  Opening the apex could rupture the cochlea and fracture the modiolus.
3.8.1. SCOPE: making a window on cochlea, point out stapedial artery and apex, which are to be avoided

3.9. Finally, using a new #11 blade, carefully widen the window so it will fit the optical fiber or micro LED implant.  Be sure to avoid damaging the stapedial artery.

3.9.1. SCOPE: widening the window with blade

4. Implanting the Stimulator and Recording Optogenetic Auditory Brainstem Responses (oABR)
4.1.  [moved] For transcochlear stimulation mount a micro LED or fiber-coupled laser. With the micro LED gripped by a mechanical manipulator, carefully position it into place.  

4.1.1. MED: talent attaching microLED to manipulator, then lowers to near cochlea

4.1.2. SCOPE: bringing the microLED into position

4.2. Prepare to measure optogenetic auditory brainstem responses, or oABR.  First, insert needle electrodes at the following locations: underneath the pinna …
4.2.1. MED: talent prepares three recording electrodes/needle

4.2.2. CU: inserting one needle under the pinna
4.3. … on the vertex …
4.3.1. CU: inserting one needle at the vertex
4.4. … and on the back near the legs.
4.4.1. CU: inserting on needle near back of leg
4.5. With the electrodes connected to an amplifier, amplify the difference-potential between the vertex and mastoid subdermal needles.  Sample at 50 kHz and filter the responses between 1 and 10 thousand Hertz. 
4.5.1. MED: attaching the needle/electrode to an amplifier, or just tuning in the right potential

4.5.2. [combined with 4.5.3] CU: tuning amplifier  sampling at 50 kHZ

4.5.3. CU: tuning amplifier  - filtering to 1 Hz – 10,000 Hz

4.1
[moved] For transcochlear stimulation mount a micro LED or fiber-coupled laser. With the micro LED gripped by a mechanical manipulator, carefully position it into place.

4.1.1
MED: talent attaching microLED to manipulator, then lowers to near cochlea

4.1.2
SCOPE: bringing the microLED into position
4.6. Visualize the difference-potential on an oscilloscope.  Place it near the recording set-up so that it is easy to optimize the position of the optical stimulator. 
4.6.1. MED: talent turns, or tunes the oscilloscope

4.6.2. CU: oscilloscope reading before stimulation
4.7. Use signal averaging (TEXT: 50-1000 times) and store the data on a computer for offline analysis.
4.7.1. MED: talent starts a recording of the oscilloscope/amplifer output at the computer Use 4.12.2 take 11 or 4.12.1 (cropped around start button)
4.8. Now, optimize the position and orientation of the micro LED using responses to three to ten millisecond pulses of current at one to five hertz. (TEXT: 5 – 40 mA, 2.7 V, 1 – 5 Hz)
4.8.1. MED: setting stimulator to deliver current, as described

4.8.2. CU: oscilloscope, showing responses to stimulator current – go from incorrect to good oABR
4.8.3. SCOPE: adjustments made to the position of the micro LED
Video editor: intersperse 4.8.2 around 4.8.3 – possibly going back and forth between two there is evidence that this would look right.  
4.9. Another option is laser stimulation by a 473 nanometer continuous wave laser attached to a 250 micrometer optical fiber.  This requires fast analog control of the laser power or an acousto-optical device with a fast shutter.   
4.9.1. MED: talent attaches optical fiber to micromanipulator
4.9.2. MED: pan along optical fiber to laser, then to controller for the laser
4.9.3. CU: the fast analog controller or fast shutter settings being manipulated turning on laser and acousto-optical device Take 1 and 2 together
4.9.4. Added shot: end of 4.9.2
4.10. Position the fiber with a micromanipulator directly onto the cochleostomy and fix it with dental cement.
4.10.1. SCOPE: positioning the optical fiber onto cochleostomy
4.10.2. ECU/SCOPE: (it looks like 4.11.1 needs to be shot first) applying dental cement (use the better shot option) to the optical fiber, once in position at cochlea
4.11. For intracochlear stimulation, insert the fiber through the window into the scala tympani. 
4.11.1. SCOPE: positioning fiber through cochleostomy round window
4.12. Optimize the position and orientation of the fiber, by eliciting responses with three to ten millisecond pulses of 10 to 30 milliWatts at one to five Hertz.  (TEXT: 3 -10 µsec, 10 – 30 mW, 1 – 5 Hz)

4.12.1. CU: starting the simulator (3 -10 µmsec, 10 – 30 mW, 1 – 5 Hz)
4.12.2. CU: oscilloscope, showing no oABR and then good oABR
4.12.3. SCOPE: adjustments made to the position of the fiber

Video editor: intersperse 4.12.2 around 4.12.3 – possibly going back and forth between two there is evidence that this would look right.  
4.13. Victor Hernandez:  Positioning of the stimulator is the most critical step to the protocol. The µLED or the optical fiber should be patiently relocated until the oABR is evident.
4.13.1. WID: interview shot - talent at recording set up, delivers narrative
4.14. Once good optogenetic auditory brainstem responses are made, fix the fiber with cyanoacrylate glue, or by dental cement.
4.14.1. SCOPE: applying glue and cement to the fiber so it does not move

4.14.2. MED: talent finishing glue attachment and taking breather from using scope
5. Recording Optically Evoked Local Field Potentials 

5.1. For this protocol, use a stereotaxic frame and prepare a mouse by opening the skull over the inferior colliculus. (TEXT: See text protocol for details)
5.1.1. WID: talent drilling out opening in skull of mouse in frame

5.1.2. MED: preparing the recording probe, bringing it into position, grossly, with manipulator – then changing to a scope view
5.2. Using a microscope, position a recording probe over the inferior colliculus and insert it so that the topmost channel is just visible at the surface.
5.2.1. SCOPE: fine positioning of probe over the inferior colliculus, then inserting showing only the topmost channel when completely inserted
5.3. Now, amplify the difference-potential between the individual channels of the recording array and the reference screw in the parietal bone.  Use a sample rate of 32 kHz, a 300 Hz low-pass filter and save the data.
5.3.1. MED: setting the amplifier to check for difference between channels in array

5.3.2. ECU: reference screw in parietal bone

5.3.3. CU: setting sampling rates to 32 kHz + 300 Hz low-pass filter

5.3.4. MED: talent at the computer, starting the acquisition of data
6. Comparing Auditory Brainstem Responses and Signal Propagation from oABR
6.1. An optimal cochleostomy is critical and increases the probability of a successful experiment.  This means the window is regular, small, and there is no injury of the internal cochlear structures. For example, bleeding indicates damage of the stria vascularis.
6.1.1. LAB MEDIA: 52069_Moser_Figure1B.tif. 
6.2. Using channel rhodopsin 2 transgenic mice, ChR2 is expressed in the SGN within the cochlea.
6.2.1. LAB MEDIA: 52069_Moser_Figure1C.tif
6.3. Blue light illumination, either by micro LED or by laser, elicits large optogenic ABR, which differ from acoustic ABR in amplitude and waveform. 
6.3.1. LAB MEDIA: 52069_Moser_Figure1F.tif
6.4. Optogenic ABR has larger amplitudes than acoustic ABR.
6.4.1. LAB MEDIA: 52069_Moser_Figure1E.tif 
6.5. Optogenic ABR is thus more comparable to electrical ABR.  They may both recruit more SGNs or elicit a more synchronized activation of the SGNs. 
6.5.1. LAB MEDIA: 52069_Moser_Figure1G.tif
6.6. Propagation of the activity through the auditory pathway was verified by extracellular recordings in the central auditory system.  For example, optogenetic stimulation of the cochlea elicited neural activity in the auditory midbrain.
6.6.1.  LAB MEDIA: 52069_Moser_Figure2.tif
7. Conclusion Interview (spoken by you on camera)

7.1. Gerhard Hoch: Mechanical stability and safe electrical isolation of µLED-stimulators as well as avoidance of excessive current flow, are all critical factor to successful use of cochlear optogenetics. 
7.2. Victor Hernandez: While attempting this procedure, it is important to remember to avoid injuring the stapedial artery in the bulla.

7.3. Anna Gehrt: Once mastered, recordings from inferior colliculus can be done in about 3 hours if it is performed properly.

7.4. Marcus Jeschke: Following this procedure, other methods like single unit recordings in the inferior colliculus can be performed.
7.5. Tobias Moser: Optogenetic stimulation of the auditory pathway will pave the way for researchers in auditory neuroscience to ask questions that could not previously be addressed with acoustic or electrical stimulation. We hope that this technique will also be translated into clinical rehabilitation of hearing impairment.
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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.

( 2014, Journal of Visualized Experiments


