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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _Y__ 

ii) Can you can record video of the microscope’s field of view using your own camera? (Y/N) _Yes – but only part of the field of view due to high magnification

iii) Is the microscope’s field of view shown on a computer? (Y/N) _Partial field visible – and one eyepiece inoperative during filming, making continued working difficult

vi) Please list make and model of your microscope(s): 

Zeiss STEMI SV8, Motic stereodissection microscope, Leica MZ16F
Authors, we use the same technique of attaching a camera to an ocular view.  It may be difficult to dissect with the camera mounted as such, but the method has worked out well overall.  Where ever in the script a SCOPE shot is called for, we will want to use this camera set up.
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __No

C.
Which steps of your protocol will viewers benefit most from having filmed?  

Videographer, these steps are in italics.
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?


Videographer, these steps are underlined.
E.
i) Will the filming need to take place in multiple locations? (Y/N) _N_
1. Introduction
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to demonstrate a quick and simple method to combine live cell imaging and electrophysiological recording in notoriously difficult to access mechanically-sensitive neuron terminals.  (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Guy Bewick: This method can help answer key questions in mechanosensation, such as the role of synaptic–like vesicles and the pharmacology of candidate transducer channels in fully differentiated terminals in situ. 
1.2. Robert Banks: The main advantage of this technique is that it is so simple, yet gives visual access to fully differentiated terminals for physiological investigation.   
1.3. (originally 1.4) Guy Bewick: Though this method can provide insight into hair follicle afferents, it can also give insights into to other low-threshold mechanosensory systems, such as muscle spindles, Merkel sensory terminals, and baroreceptors.
1.4. Robert Banks: The implications of this technique extend toward identifying new drug targets to regulate the mechanical senses, including therapy of abnormal blood pressure regulation.
Ethics Title Card:
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Welfare and Ethical Review Board (AWERB) at the University of Aberdeen, in compliance with the Animals (Scientific Procedures) Act 1986, EU directive 2010/63/EU.
Protocol (read by voice talent at JoVE):

2. Preparing Ears for Electrophysiology
2.1. After decapitating a young adult mouse, [2.1.1-WID/TEXT] place the head dorsal side up in gassed Liley’s solution in a 50-cm wide-bottomed dish [2.1.2-MED] under a stereo dissection microscope.  About every ten minutes thoroughly rinse the dissection area with gassed saline. [2.1.3-CU]

2.1.1. [2.1.1 to 2.1.3 combined] establishing shot, talent placing head in dish, TEXT: ≤20gm body weight

2.1.2. placing dish on scope stage

2.1.3. changing solutions in the dish, placed at scope stage
2.2. Now, carefully incise and separate the skin at the base of the pinna [2.2.1-ECU] using a springbow scissors and a #3 forceps. Expose the innervation and cartilage of the external auditory meatus. [2.2.2-SCOPE]

2.2.1. show how talent approaches and performs initial incisions in ECU view

2.2.2. [combined with 2.2.1 ECU & SCOPE] the entire step should be filmed by the scope-camera angle as well, using the author's video recording set up

2.3. Identify the branches of the mandibular division of the trigeminal and great auricular nerves as they emerge from the skull in the cleft of the mandibular joint.  These two nerve branches project through the cartilage to innervate the concave and convex aspects of pinna skin.  [SCOPE]

2.3.1. film as written
2.3.2. [added] SCOPE Identifying great auricular nerve
2.4. Then, in the groove between the jaw and the mastoid process, identify where the trigeminal nerve branches exit.  Expose their lengths by gently pulling the pinna away from the skull.  [SCOPE]

2.4.1. [2.4.1 to 2.6.2 combined] film as written
2.5. Once thus exposed, cut the nerves as close to the skull as possible. [SCOPE]

2.5.1. film as written
2.6. Next, use springbow scissors to remove the pinna from the head. [2.6.1-ECU] Avoid cutting the distal stumps of the divided nerves and minimize the amount of dense hair. [2.6.2- SCOPE]
2.6.1. use of springbow scissors from ECU to break up scope shot run
2.6.2. entire step filmed as written, 
2.7. Place one pinna in a 50-ml tuibe of gassed Liley’s solution, cap it [2.7.1-ECU] and transfer it to 4 ºC if it will not be used immediately. [2.7.1-MED]

2.7.1. setting pinna in 50 mL tube

2.7.2. transferring tube with pinna to fridge

2.8. Transfer the other pinna to a silicone rubber-lined dish filled with gassed Liley’s solution.  [ECU]

2.8.1. film as written, setting pinna in dish

2.9. Now, open the external auditory meatus by dividing it at its narrowest point.  Then, flatten the pinna, with the concave side down [2.9.1-SCOPE] and pin down that side along the margins with regularly-spaced, very fine insect pins. [2.9.2-ECU/SCOPE/TEXT]
2.9.1. film as written using scope camera

2.9.2. [combined with 2.9.1 ECU & SCOPE] an ECU or the scope-camera, whichever shows full pin placement, TEXT: 0.2 mm Ø
2.10. Next, completely remove the exposed dorsal skin from the pinna and the underlying cartilage by blunt dissection using scissors. Do not damage the anterior skin during this step. [SCOPE]

2.10.1. film as written using scope camera

2.11. Then, using forceps, grip a fine insect pin and gently extend the transected branches of the mandibular division that emerge posteriorly between the skin and external auditory meatus cartilage. [SCOPE]

2.11.1. [2.11.1 to 2.13.1 combined] film as written using scope camera
2.12. Secure these nerve branches to the plate with the finest possible pins, impaling the connective tissue adjoining their cut ends and not the nerve trunks themselves. [2.12.1-SCOPE] [2.12.2-ECU]

2.12.1. film as written using scope camera

2.12.2. wider ECU view of progress in dish to this point
2.13. Complete the tissue preparation by removing most of the surrounding connective tissue from around the nerve branches, but do not damage the nerves with excessive pulling or cutting. [SCOPE]

2.13.1. film as written using scope camera
2.11.2 [added] Same as above but with second nerve branch
2.14. In order to treat the hair follicle mechanosensory endings with vital dyes or drugs, carefully peel away the foamy fibro-elastic cartilage of the sub-dermal adipose layer along five millimeters of the pinna margin. Thus, open a square window exposing the dermis and base of the hair follicles. [2.14.1-SCOPE/TEXT] [2.14.2-LM]
2.14.1. film as written using scope camera, TEXT:  ~5 mm2
2.14.2. Figure 1A, B – completed preparation

2.15. Guy Bewick: Using a small mouse minimizes the adhesion between the apposed anterior and posterior skin layers, and the difficulty of removing the subdermal cartilage. Both of these features greatly increase the likelihood of seeing successful staining. 

2.15.1. Interview with Robert at dissection set up Use 2.9.1 from project 53855
3. Electrophysiology Set Up 
3.1. Begin by transferring the preparation [3.1.1-WID] to the silicone-lined base of a recording chamber. [3.1.2-CU]

3.1.1. establish talent moving the preparation

3.1.2. setting preparation into recording chamber
3.2. Using fine insect pins, secure the ear around the edges, placing the cleaned nerves at the base of the ear near two suction electrodes – one for recording [3.2.1-ECU] and the other an indifferent electrode to provide a neutral signal to a differential amplifier. [3.2.2-ECU]
3.2.1. securing the ear with pins, then positioning one nerve for recording

3.2.2. positioning a second nerve for the neutral signal

3.3. For the recording electrode, carefully match the aperture and internal diameter [3.3.1-MED] of the opening to the thickness of the nerves selected for recording. Once done, this will usually be constant for any series of experiments. A good length of nerve needs to fit snugly inside. [3.3.2-SCOPE/LM]
3.3.1. selecting electrode and setting up on rig, then making gross movements of electrode

3.3.2. bringing the electrode into the field of view
Videographer: SCOPE/LM indicates that the best view may be from the computer screen, which will require a screen capture, otherwise use the scope kit.
3.4. To draw the nerve into the electrode, use gentle suction from a 2 mL syringe attached via silicone tubing. [MED/CU]

3.4.1. attaching tubing and syringe to electrode, then applying suction while viewing nerves through oculars 

3.5. In the suction electrode, ensure the nerves are straight and not folded or doubled up.  [SCOPE/LM]

3.5.1. nerves sucked into electrode, then observed in the electrode
3.6. Now, suck in some surrounding connective tissue or a soft, pliable adipose tissue to form a water-tight seal in the electrode orifice.  [SCOPE/LM]

3.6.1. sucking in surrounding tissue with nerves
3.7. Guy Bewick: Developing a balanced resistance (or impedance) between the electrodes is crucial for good quality differential recording. Critical to this is developing high-resistance water-tight nerve seal.

3.7.1. Interview with Guy at the electrophysiological set up
3.8. Next, fill the indifferent electrode with saline by suction [3.8.1-CU] if not already filled by spontaneous capillary action. [3.7.2-SCOPE/LM]

3.8.1. applying suction to indifferent electrode

3.8.2. panning over to and observing the prepared indifferent electrode

3.9. Then, place identical silver recording wires into the internal bore of the recording and indifferent electrodes.  [ECU]

3.9.1. film as written, show at least one wire being placed
3.9.2. [combined with 3.9.1] (= 3.12.1)
3.10. At the other end, the wires should be soldered to different cores of a two-core screened cable. [ECU]

3.10.1. detailed view of the two wire's attachment points on two-core cable

3.11. Ensure the wire in the recording electrode contacts the saline and the nerve without disrupting the seal. [MED SCOPE]

3.11.1. talent working with wire and instruments to verify its position, any representative diagnostic tests

3.12. Get the wire into the end of the indifferent electrode. [SCOPE/LM]

3.12.1. tight view of wire in electrode
3.13. Next, place the ground electrode, a silver/silver-chloride pellet, into the bath.  [ECU]

3.13.1. positioning the ground electrode as written
3.14. Attach this electrode to the screen of the two core cable connected to the recording electrodes. [ECU]

3.14.1. connecting other end of ground wire to screen surrounding recording electrodes
3.15. Then, connect the recording electrodes to separate channels of a differential amplifier, band-passed between 0.2 and 2 kiloHertz.  [MED]

3.15.1. pan along connection from electrodes to amplifier to amplifier control, where talent sets the band pass filters as described

3.16. View their individual signals on an oscilloscope to check [3.16.1-MED] that the two channel’s electrical noise levels are similar. Spontaneous action potentials in the recording electrode might not be visible until the two electrodes are balanced. [3.16.2-CU]

3.16.1. [3.16.1 to 3.16.2 combined] talent setting the oscilloscope toggles to get correct view of signal

3.16.1.1. [added] ECU]of 3.16.1

3.16.2. signal view on oscilloscope, then switching between two electrodes for comparison of their signals

3.17. To correct background noise differences, increase the impedance of one channel, by sucking adipose connective tissue further into the electrode. [LM/SCOPE]

3.17.1. sucking tissue further into one electrode Use 3.6.1
3.18. Once the electrodes have balanced backgrounds, switch to differential recording [3.18.1-MED] and look for spontaneous action potentials or invoke action potentials by stroking the hairs at the margin of the pinna with a fire-polished glass rod. [3.18.2-LM/SCOPE] [3.18.3-CU]
3.18.1. looking over signal, balanced noise, then changing recording mode

3.18.2. stroking pinna to get APs

3.18.3. tweezer being held to stroke pinna, showing attachment of it grounding wire

3.19. If no spikes are seen, make certain that the nerve is tightly fitted into the recording electrode [3.19.1-LM/SCOPE] and the areolar connective tissue is tightly fitted into the indifferent electrode. [3.19.2-LM/SCOPE]

3.19.1. nerve connection to recording electrode

3.19.2. areolar connective tissues in the indifferent electrode

3.20. Next, record an electroneurogram via the computer interface [3.20.1-MED] and feed the neurogram through a sound system to make the spiking audible, just above the baseline noise. [3.20.2-MED] This auditory feedback relay is very useful when conducting experiments. [3.20.3-WID]

3.20.1. [3.20.1 to 3.20.2.1 combined] taking an electroneurogram with computer interface

3.20.2. tweaking settings so neurogram feeds back as sound, record audio of spiking as it is established

3.20.2.1. (was 3.18.2) SCOPE

3.20.3. wide view of talent listening for spike, record the audio, while working with tweezer glass rod to induce spikes

3.21. Next, confirm the innervation of the follicles in the cleared area by manually stimulating the hairs.  [MED]

3.21.1. preparing to fold over skin as in next step, taking tools in hand and getting situated at scope

3.22. To do this, fold over 1 to 2 millimeters of ear skin at the level of the adipose-cleared window to expose the underlying hairs.  Leave a saline-filled gap between the apposed skin layers.  [LM/SCOPE]

3.22.1. film as written

3.23. While listening carefully, gently stroke the hairs protruding along the folded edge with a grounded pin glass rod or fine forceps.  Do not touch the skin.  [LM/SCOPE]

3.23.1. [combined with 3.22.1] film as written

3.24. As necessary, check the oscilloscope to evaluate the output. [MED]

3.24.1. checking the oscilloscope as spiking occurs
4. Recording Stimulus-evoked Action Potentials
4.1. To make controlled recordings of stimulus-evoked action potentials, [4.1.1-WID CU] use a mechanical probe of fire-polished 10-cm borosilicate microelectrode glass, attached to a ceramic piezo-electric actuator. [4.1.2-CU]
4.1.1. establishing shot, talent selecting glass probe Actuator probe
4.1.2. attaching probe to actuator, then starting the positioning process

4.2. Position the probe so it moves parallel to the skin fold and touches the hairs, not the skin.  Put it about one-half to one millimeter above the skin surface. [LM/SCOPE]

4.2.1. positioning the probe in detail, use magnified scope view
4.3. Then, manually verify the stimulation. [LM/SCOPE]

4.3.1. [combined with 4.2.1] slowly moving the probe tip to deflect the hairs
4.4. Now, set up the software to drive mechanical stimulation of a small area of hairs. [MED]

4.4.1. establish the talent starting to work with software

4.5. For example, program 3 second stimulations at 5 Hz sinusoids every 10 seconds.  This requires a probe displacement between two hundred and two thousand microns. [LM/MED-over the shoulder]
4.5.1. [combined with 4.4.1] to be provided by authors, SCREEN CAPTURE showing the above programming steps in the software; if screen captures cannot be generated, use a MED-over the shoulder shot of talent performing actions on computer screen

4.5.2. [added] SCOPE with probe vibrating simulating hairs on folded ear 
4.6. Then, proceed using repeated automated stimulation to check consistency of recorded responses in the nerves.  Repeatable results should be achievable. [LM/ MED-over the shoulder]
4.6.1. to be provided by authors, SCREEN CAPTURE of starting stimulation program; if screen captures cannot be generated, use a MED-over the shoulder shot of talent performing actions on computer screen
4.7. When the results are consistent, drop the repeat rate to every 30 second.  Further instructions are provided in the text protocol.  [LM/ MED-over the shoulder]
4.7.1. [combined with 4.6.1] to be provided by authors, SCREEN CAPTURE of adjusting the repeat rate and collecting more data; if screen captures cannot be generated, use a MED-over the shoulder shot of talent performing actions on computer screen

4.7.2. [added] (possibly slated as 4.5.3?) SCREEN SHOT film as written (repeat rate to every 30s)
4.8. To investigate the properties of the mechanosensory channels, and label the mechanosensory terminals around the hair follicles, add 10 µM FM1-43 to the solution and leave for 60 min, while continuing to stimulate the hairs with the oscillating probe. 
4.8.1. [ECU] FM1-43 being added. Final concentration 10 µM.
4.9. This dye blocks candidate transducer channels in sensory neurons in culture and in cochlea hair cells. However, it does not block the firing in mature hair follicle afferents in situ.
4.9.1. [CU] Dye on preparation, panning to screen graphic at 65min of incubation (not mock up)
4.9.2. [CU] Washing dye off preparation
4.9.3. [ECU] Adding dye chelator (Advasep-7) to scavenge dye not internalized by mechanosensory terminals. – [time lapse].
4.10. The labelling of the endings shows the dye accessed the terminals, which continued to respond to mechanical stimulation throughout dye exposure.

4.10.1. [SCOPE] Checking terminals are labelled. (Provided by lab).
5. Results: Representative Recording from Hair Follicle Lanceolate Nerve Endings
5.1. Electroneurograms made using the described protocol typically showed ongoing action potential activity even in the absence of manual stimulation, including action potentials of the largest size.

5.1.1. Figure 2A(i)

5.2. Spontaneous activity occurred at about 10 to 20 spikes per second, showing no structure or signs of tonicity.  

5.2.1. Figure 2A(iii)

5.3. The auto-correlation for the intervals between the periods of stimulation were always quite flat.

5.3.1. Figure 2A(ii)

5.4. During 5 Hz, 500 micron mechanical stimulation of the hair shafts, the overall output typically rose to around 50 spikes per second. 

5.4.1. Figure 2B(i)

5.5. Construction of cycle histograms, revealed strong entrainment of the responses, with four to ten spikes per sinusoidal cycle.

5.5.1. Figure 2B(ii)

5.6. This was quite repeatable. Of course, the phase of the waveform at which the responses were locked depended upon where the vibrating probe contacted the hair, and its direction of movement at that point. 

5.6.1. Figure 2B(iii)
5.7. Hair follicle lanceolate nerve ending channel pharmacology was then explored.  The channels continued to respond even when exposed to FM1-43, which can block some mechanosensory, channels, such as those in sensory neurons in culture or cochea hair cells ex vivo.

5.7.1. Fig 1C
6. Conclusion (said by authors on camera)
6.1. Guy Bewick: Once mastered, the technique for recording electroneurograms can be done in 60 to 90 minutes if it is performed properly.
6.2. Guy Bewick: While attempting this procedure, it’s important to remember to develop high resistance electrical contact in the electrodes and, if visualising the follicles, use small mice to aid dye penetration and optical clarity.
6.3. Robert Banks: We adapted the idea for this method from a close colleague, now retired, Prof Clarke Slater and his MSc student, Nakul Kain, when we told them of our discovery of a functional role for synaptic-like vesicles in mechanosensation in muscle spindles but the need for a better preparation for visualising them with FM1-43.
6.4. Guy Bewick: Following this procedure, other methods like pharmacology and vital dye labelling can be performed in order to answer additional questions like which channels are mechanotranducers in differentiated terminals in situ and whether mechanical stimulation affects dye uptake through modulation of SLV recycling.
6.5. Robert Banks: Don't forget that FM1-43 has not been evaluated for toxicity and so should be treated as if it is hazardous.
Robert, do you really want to use the full name of this compound?  An abbreviated name will be fine.
  
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.

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.
���After a more detailed search of your own web pages, we again wish to strongly lobby for reinstating this dye’s common name, ‘FM1-43’ throughout the document. Our more detailed search found JoVE has actually already published several articles using this dye and calling it ‘FM1-43’.





(See ‘Quantitative Analysis of Synaptic Vesicle Pool Replenishment in Cultured Cerebellar Granule Neurons using FM Dyes. By Giselle Cheung, Michael A. Cousin’ 


and 


‘Examination of Synaptic Vesicle Recycling Using FM Dyes During Evoked, Spontaneous, and Miniature Synaptic Activities. By Sadahiro Iwabuchi, Yasuhiro Kakazu, Jin-Young Koh, Kirsty M. Goodman, N. Charles Harata.’).





Thus, we feel strongly we should revert to calling this dye FM1-43, as 1) the precedent has already been set in JoVE’s own pages, 2) FM1-43 is the name used throughout the scientific literature (<1,000 citations), and there is no widely-accepted alternative, 3) ‘styryl dyes’ is too general a term, as the dyes are designed to have a diverse range of chemical properties (lipophilicity, size, colour) and not all will work with this technique (indeed some are deliberately designed not to), 4) the only alternative is the specific name, which your comment here acknowledges is too cumbersome, 5) inventing our own name will make it impossible to find (i.e. no-one will be able to find it on searches), severely impacting the readership & almost rendering the entire publication not worth the expense and effort of publishing and, finally, 6) no-one is likely to adopt any new name we invent, given that FM1-43 is already so well-established (23 years in the literature).





 2015, Journal of Visualized Experiments


