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Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to produce a model system to study the effects of infrared laser illumination on auditory neurons in vitro. (Intro)  This is achieved by patch clamping cultured auditory neurons in the whole cell configuration in order to explore their electrical characteristics. (C1)  Subsequently exposing the neurons to laser irradiation can elicit electrical responses in the exposed cell, which can be measured with a patch clamp setup. (C2)  Illumination parameters and environmental variables can then be varied in order to observe their effects on laser induced electrical responses. (C3)  The auditory neurons exposed to the laser light will exhibit repeatable electrical activity in response to each laser pulse, for later analysis. (C4)
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Video editor: 

C1 – Animate the cell alone, then the “v” shaped pipette with line in it approaches.  When it makes contact the cell puckers at the point of contact, but remove the pucker until the contact is made.  Then draw the arrow and the data graph bubble.

C2 –Animate the cell/pipette graphic sliding over and onto the gray surface.  Next, fade on the giant tube, without the orange color.  Lastly, have the orange color pulse on, this is a laser light.

C3 – Move on to the next graphic.  Remove the text “A few parameters can be varied” and have the other labels come up one by one during the narrative.

C4 – For this graphic, the chart with the red line corresponds to the orange light.  Have the graph data draw from left to right and flash the light (in the tube and on cell) when the graph spikes up briefly.  Concurrent with the advancement of the orange line in the left graph, also advance the blue light in the right graph.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Will: This method can help answer key questions about the mechanisms underlying infrared stimulation of spiral ganglion cells.  

1.2. Karina: Though this method can provide insight into INS of spiral ganglion cells specifically, it can also be extended to additional cell types or simplified models (such as lipid bilayers) to further elucidate the physical processes that are involved.

1.3. Will: Visual demonstration of this method is important to ensure accurate positioning of the optical fiber light delivery system, because the resulting radiant exposure is a critical parameter. 

Protocol Chapters (read by a voice talent at JoVE):
2. Preparation for Patch Clamp Recordings
2.1. Have prepared, recording micropipettes with a resistance of 2 to 6 mega ohms.  They can be pulled from borosilicate glass with a CO2 (pronounced see-oh-two) laser puller. (TEXT: 1.0 mm o.d.; 0.58 mm i.d.).
2.1.1. WID: talent at pipette puller, placing glass into apparatus (2.1.1 take 2). Take 3 is a closeup of the same step.
2.1.2. CU: closeup of hand holding finished pipette
2.2. Prepare the fiber-coupled laser. A wide array of optical fiber will work. (TEXT: Suggested choice: 200 µm core, 220 µm cladding, NA = 0.22)
2.2.1. WID: talent arrives at bench with a patch cord
2.3. Cutting a fiber in a ‘patch cord’ configuration with FC-PC connectors in half produces two lengths of fibre with a connector at one end and exposed fiber at the other end. These are the pigtails. Prepare the bare tip of one pigtail by removing the fiber jacket, cleaning with ethanol and cleaving with an appropriate tool. 
2.3.1. CU: removing fibre coating using a fiber stripping tool Video Editor: The authors chose not to film the first two sentences, but want them included, so would a freeze frame of the beginning of the shot show the two ends of the cut fiber?
2.3.2. CU: cleaning the bare fiber with ethanol
2.3.3.   Use 2.4.1. cleaving the bare tip of the fiber 
2.4. Cleave or polish the bare tip of one pigtail, to use as light delivery fiber.
2.4.1. CU: cleaving the bare tip of the fiber 
2.5. Under a microscope, check that the tip is perpendicular to the fiber axis and that it appears flat. 
2.5.1. LAB MEDIA: image of cleaved fibre filename: Stoddart_0212_CleavedFibre.tif
2.5.2. MED: talent looking into microscope (Note from authors: “add this before 2.5.1 - optional, happy to leave this up to the editors discretion”) 

2.6. Connect the other end of the fiber pigtail to the output of the stimulation laser using an appropriate through connector if necessary.
2.6.1 CU: attaching a connector to one pigtail
2.6.2 CU: connecting the connectorized end of pigtail to the fiber output from stim laser
2.7. At this point, always be sure to measure the output laser power from the fiber. Do this after any further tip manipulations, as well. 
2.7.1. MED: talent setting up fiber that has been cut to test the laser power
2.7.2. CU: shot of powermeter as laser is switched on (cut shortly after the reading on the power meter reaches 29-30 mW)
2.8. Now, insert the fiber into a chuck and affix the chuck to the appropriate micropositioner.
2.8.0. CU: inserting fibre into chuck 
2.8.1. MED: attaching the fiber to the micromanipulator
2.8.2. CU: fine tuning the attachment
2.9. Next, determine the angle that the optical fiber makes with the coverslip. Take a photograph of the arrangement and calculate the angle using ImageJ.  (TEXT: See written manuscript for discussion.)
2.9.1. LAB MEDIA: 0212_Stoddart_FibreAngle.tif
2.9.2. MED: talent using ImageJ at computer to get angle from the photo – 2.9.2B is a closeup of the same shot. I think the MED version would be better.
LAB MEDIA: Figure 2, inset
2.10. Now, secure the connections that synchronize the laser with the patch clamp data acquisition system. 
2.10.1. MED: talent connecting laser to patch-clamp equipment (laser end)
20.10.1B 
MED: talent connecting laser to patch-clamp equipment (digitizer end)
2.11. The digital output from the patch clamp data acquisition system should be connected to the laser via an external function generator, making it possible to specify laser pulse parameters independent of the data acquisition system. 
LAB MEDIA: Figure 2, Zoom in on the digital clamp acquisition system and pan along arrows to the laser
2.12. The signal used to trigger the laser should be connected back to an input of the data acquisition system to ensure that the timing and length of the laser pulses can be recorded concurrently with the electrophysiological signal.
LAB MEDIA: Figure 2, pan back to the digital clamp, following the route around the signal generator, then zoom back out to show the whole set up
3. Patch Clamp Recordings for Investigation of INS
3.1. Set the flow rate of the perfusion system to between 1 and 2 mL per minute.  A gravity-fed system with an in-line heater, for rapid heating of the solution, and a peristaltic pump to remove spent solution by suction, will work well.
3.1.1. WID: talent at perfusion system, making an adjustment
3.1.2. CU: pulling hands away from adjustment, showing dripping solution
3.1.3. MED: shot of the in-line heater
3.1.4. MED: shot of the pump to remove spent solution, solution is flowing
3.2. Place a coverslip with cultured cells into the recording chamber of an upright microscope.
3.2.0.  MED: talent getting coverslip out of incubator (probably not necessary to include this but I’m happy to leave it up to the editors discretion) 

3.2.1. MED: talent arrives holding coverslip of cells positions them under scope, then gets into position to use the scope
3.3. Using a high magnification, water-immersion objective and phase-contrast, locate a spiral ganglion neuron.  A typical spiral ganglion neuron is phase-bright, round and approximately 15 microns in diameter with a prominent nucleus.
3.3.1.  Use 3.4.1. SCOPE: locating and identifying a spiral ganglion neuron 
LAB MEDIA: Figure 1a
3.4. Once a neuron has been located, switch to a lower magnification objective and locate the target neuron within the visual field. 
3.4.1. SCOPE: locating and identifying a target neuron, relative to spiral ganglion neuron 
3.5. Once a suitable neuron has been located, switch to a lower magnification objective and locate the target neuron. Then use the micropositioner to move the optical fiber until the tip is close to the target neuron in both the horizontal and vertical planes. 
3.5.1. SCOPE: moving the fiber tip into position
3.5.2. ECU: same, non-scope shot
3.6. Switch back to the high magnification objective and position the tip of the optical fiber in its intended position next to the neuron.
3.6.1. SCOPE: moving the fiber next to the neuron
LAB MEDIA: Figure 2, inset – editor: use this if it improves on the 3.6.1, otherwise do not show it

3.7. When adjusting the vertical position of the fiber, it is important for the bottom edge of the fiber to rest on the coverslip to minimize uncertainty in the fiber’s location.  The point of contact can be identified from visual cues in the microscope image. (TEXT: See the manuscript for a detailed discussion.) 

3.7.1. ECU: fiber in position, showing side view of contact of fiber with the coverslip.  This will be a tight shot, getting the angle to see the contact will require being parallel with the microscope stage.

3.7.2. SCOPE: the point of contact between the stage and the fiber (I DON’T THINK THIS WILL BE VERY CLEAR FROM THE VIDEO)
3.7.3. Note from author: I think 3.7.1 and 3.7.2 would be better represented as an animation – as follows:
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Side view: 1. fibre (rectangle) moves straight down until the bottom corner touches the coverslip (horizontal line at the bottom of image). 2. The fibre (rectangle) moves to the right along the coverslip for a short distance. 3. the fibre (rectangle) moves back to the spot where it initially touched the coverslip.
Top view: 1. The fibre remains stationary until the bottom edge contacts the coverslip in the side view. 2. The fibre then moves to the right and 3. back to the original position at the same time as movements in the top view. 
I have attached the above figure (filename: Stoddart_0212_PositioningFibre.tif). If there are any problems with doing this animation, please let me know.
3.8. Once the fiber is in position, move it out by a known amount along its longitudinal axis so as not to affect the positioning of the micropipette. 

3.8.1. SCOPE:  moving out the fiber

3.8.2. ECU: adjusting the manipulator to move out the fiber, the amount of the movement is specific and should correspond to a distance gauge – show this
3.9. Will: It is very important to accurately know the position the optical fiber, because the energy per unit area (known as the radiant exposure) delivered to the target neuron is a critical parameter for infrared nerve stimulation and it is determined by the location of the fiber relative to the cell.
3.9.1. MED/WID: interview style shot of Will by equipment. 
3.10. The micropipette should be filled with intracellular solution and securely fitted into place on the headstage of the amplifier.  Using tubing, attached to the side of the microelectrode holder, apply a small amount of positive pressure to prevent clogging of the micropipette.
3.10.1. MED: filling the micropipette 

3.10.2. CU: attaching micopipette to manipulator

3.10.3. ECU: tubing attached to the side of the micropipette is manipulated to provide positive pressure and the pipette’s position is adjusted with the manipulator

3.11. Using a micromanipulator, move the micropipette into position just above the target neuron and proceed with making a Giga-ohm seal.
3.11.1. SCOPE: moving the micropipette into position above to the cell and then making the “giga-seal”
3.11.2. LAB MEDIA: screen capture video of resistance as a seal is formed Filename: Stoddart_0212_GigaSeal.avi
4. Making Whole Cell Recordings

4.1. Make a record of the membrane capacitance, series resistance and input resistance as determined from the exponential curve fitted to the current during the seal test pulse.  
4.1.1. WID: talent at the rig using equipment to record readings

4.1.2. CU: background: screen showing the exponential curve of current from test pulse, foreground: talent scribing down readings from the curve

4.2. Minimize the capacitance transients by adjusting the CpFast and CpSlow (pronounced: see-pea fast and see-pea slow) controls on the amplifier.
4.2.1. CU: changing the Cp controls on the instrument

4.2.2. CU: the capacitance transients disappearing on the instrument
4.3. Then, switch the amplifier into whole cell mode, and modify capacitance and resistance compensation until a flat current is observed during the seal test.  
4.3.1. ECU: switch from patch clamp to whole cell mode

4.3.2. CU: a non-flat current during a seal test, then adjustments made, then the curve again, now flattened out
4.4. Next, apply series resistance compensation with about 70% correction, 70% prediction, adjusting the capacitance and resistance compensation controls to maintain a flat test seal response.
4.4.1. CU: talent adjusting series resistance compensation parameters

4.4.2. CU:  resulting seal response curves being made flat again, like 4.3.2
4.5. Then, switch the amplifier to current-clamp mode. Take note of the resting membrane potential, in the absence of current injection.
4.5.1. ECU: switching to current-clamp, on amplifier

4.5.2. CU: talent scribing the resting membrane potential in log book
4.6. Now, set a holding current to stabilize the membrane potential at the desired level.  Neutralize the pipette capacitance and adjust the bridge balance to balance the voltage drop.
4.6.1. MED: talent manipulating the current, stabilizing the membrane potential of cell

4.6.2. CU: adjustment to neutralize the pipette capacitance

4.6.3. CU: changing the bridge balance to correct the voltage
4.7. Check the firing properties of the neuron by stimulating with depolarizing current. (TEXT: +10 to +200 pA in +10 pA steps; 300 ms duration)
4.7.1. ECU: instrument showing neuronal activity as the depolarizing current is applied
4.8. At this point, move the optical fiber back into position next to the neuron. 
4.8.1. SCOPE: positioning fiber near the neuron
4.9. Using imaging software coupled to a CCD camera, capture images focused on the plane of the neuron initially and then focused on the top edge of the optical fiber.

LAB MEDIA: 0212_Stoddart_CellFocalPlane.tif

LAB MEDIA: 0212_Stoddart_FibreFocalPlane.tif 
4.10. Analyze the images to determine the delta value, which is the position of the upper edge of the optical fiber relative to the center of the target neuron.

LAB MEDIA: Figure 1C
4.11. Author interview: Will: It is very important to accurately know the position the optical fiber, because the energy per unit area (known as the radiant exposure) delivered to the target neuron is a critical parameter for infrared nerve stimulation and it is determined by the location of the fiber relative to the cell.
4.11.1  Use 3.9.1.  MED/WID: interview style shot of Will by equipment. 
5. INS Experiments

5.1. The stimulation laser can be used in either voltage clamp or current clamp configurations. 
5.1.1. WID: talent at instruments, setting up the stim laser

5.1.2. ECU: setting of stim laser, showing either a v-clamp or c-clamp mode
5.2. This laser’s optical power is controlled by computer via a direct input to the laser, and can be specified manually before each recording. 
5.2.1. MED: readout from PC screen showing ‘nominal current’ setting (should be set to 800)
5.2.2. Lab Media: Stoddart_0212_powerCalibration.tif Figure showing relationship between ‘nominal current’ and output power. 
5.3. Pulse length and repetition rate can be controlled via the function generator as described before.

LAB MEDIA: Figure 2, Zoom in on the digital clamp acquisition system and pan along arrows to the laser
5.4. Ensure that the data are recorded from both the patch clamp channel and the laser trigger channel. 
5.4.1. MED: talent checking the outputs checking of both channels for data

5.4.2. ECU: view of patch clamp output 

5.4.3. ECU: view of laser-trigger output
5.5. One-half to 15 ms laser pulses, at 0.25 to 5 mJ, typically yield measurable electrical responses. Initially it may be useful to set the repetition rate of laser pulses to 1 Hz or less to minimize undesirable effects.
5.5.1. ECU: settings of the laser pulse speed and length, matching the narrative

5.5.2. ECU: setting the repetition rate to 1 Hz or less 
5.6. Once all of the laser parameters have been set, proceed with data collection.
5.6.1. Shot of screen while recording is run.
5.6.2. WID: talent proceeding with an INS experiment after settings set, presumably not much to see in the WID angle, but a good finishing shot
6. Spiral Ganglion Neuron Responses to INS
6.1. Spiral ganglion neurons respond to laser illumination with repeatable waveforms in both voltage-clamp and current-clamp recording configurations.  In response to 2.5 ms, 0.8 mJ laser pulses, a typical cell produces a net inward current at various holding potentials.
LAB MEDIA: Figure 3a  

6.2. Current-clamp recordings show a steady membrane depolarization over the course of these laser pulses, followed by an approximately exponential decrease towards the resting membrane potential after the pulse. In some cases there is also a small additional membrane depolarization following the laser pulse.
LAB MEDIA: Figure 3b
6.3. Illuminating with excessive energy or exposure to large increases in temperature may result in cell damage, observed through deterioration of cell electrical properties or instantaneous cell death. 
LAB MEDIA: Figure 4
7. Conclusion Interview (spoken by you on camera)

7.1. Karina: By following this procedure, a range of environmental parameters such as solution temperature or chemical factors can be varied in order to investigate the effect they have on laser induced electrical activity.

7.2. Will: Don't forget that working with lasers can be hazardous and standard safety precautions should be put in place while performing this procedure. These include using laser safety goggles, warning signs and making sure that the beam path does not unintentionally intersect with highly reflective surfaces.

List of Provided Media Filenames and Descriptions (fill this in)

2.5.1 – 0212_Stoddart_CleavedFibre.tif

2.9.1 – 0212_Stoddart_FibreAngle.tif

3.3 - 0212_Stoddart_Figure1a.tif
3.7.3 -  Stoddart_0212_PositioningFibre.tif

3.11.2 – Stoddart_0212_GigaSeal.avi
5.10 - 0212_Stoddart_Figure1c.tif

4.9 - 0212_Stoddart_CellFocalPlane.tif

4.9 - 0212_Stoddart_FibreFocalPlane.tif

2.12, 2.13, 6.3 - 0212_Stoddart_Figure2.tif

2.10, 3.6 - 0212_Stoddart_Figure2_inset.tif
5.2.2 - Stoddart_0212_powerCalibration.tif

7.1 - 0212_Stoddart_Figure3a.tif

7.2 - 0212_Stoddart_Figure3b.tif

7.3 - 0212_Stoddart_Figure4.tif

0212_Stoddart_GraphicalOverview.tif 
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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