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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
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __No
However, there are computer operated steps in the imaging section that will benefit from making screen capture videos.
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 new experimental protocol is to demonstrate the accessibility of hair follicles in the mouse ear for investigating the function of fully differentiated mechanosensory nerve terminals. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Robert Banks: This method can help answer key questions in the mechanosensory neuroscience field, such as the role of synaptic–like vesicles in mechanical sensation.
1.2. Guy Bewick: The two main advantages of this technique are that it is quick, and gives easy optical access to innumerable living, fully differentiated mechanosensory terminals.  
1.3. Robert Banks: Generally, individuals new to this method may struggle with getting skin separation and adequately clearing the cartilage without damaging the follicles.
1.4. [added] Guy Bewick: Here we demonstrate how this technique can be used to investigate the calcium pharmacology of synaptic-like vesicle recycling.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. 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 the Ears
2.1. After decapitating a young adult mouse, [2.1.1-WID/TEXT] using scissors, remove the external ears near the base, just above the dense hair line. [2.2.2-CU]

2.1.1. establishing shot, setting up to cut off ears, TEXT: < 20 g

2.1.2. [2.1.2 to 2.2.2 combined] cutting ears off head of mouse 

2.2. Fill a 50-mm silicone-lined dish with Liley’s solution, or other physiological saline [2.2.1-MED] and transfer the pinnae in the dish. Refresh the solution every 15 minutes or use a constant perfusion. [2.2.2-MED]

2.2.1. loading dish with solution

2.2.2. moving ears into the dish

2.3. Now, pin an ear concave side down along the margins using fine insect pins.   [ECU/TEXT]

2.3.1. [2.3.1 to 2.5.1 combined, ECU & SCOPE] film as written for one of two ears, TEXT: 0.2 mm Ø
2.4. Next, carefully peel away the exposed posterior skin using blunt dissection.  Using number three forceps, grip the central posterior skin and with another pair of forceps pierce the gap between the skin and the cartilage at the base of the ear.  [ECU/SCOPE]

2.4.1. film as written, use a scope shot if the detail would be better seen 

2.5. Gently work the forceps from side to side within the gap, gradually separating the anterior and posterior skin layers.  Systematically move across the central cartilage to the thin cartilage-free margins.  This will take practice. [ECU/SCOPE]

2.5.1. film as written, use a scope shot if the detail would be better seen 

2.6. After removing the posterior skin, pin it dermal side up next to the anterior skin. [ECU/SCOPE]

2.6.1. film as written, use a scope shot if the detail would be better seen 
2.7. Now, carefully and completely remove the cartilage using the same blunt dissection technique.  Be very careful to avoid puncturing the skin during this step. [SCOPE]

2.7.1. film as written, at this point a scope shot must be the better choice, especially if a ECU was used previously, as this is a repeat of 2.4-2.5

2.8. Once the cartilage is removed, on both skin preparations remove the layer of foamy fibro-elastic cartilage that covers the base of the hair follicles.  [2.8.1-SCOPE] Gently peel, pluck and rub this tissue off – this will also take practice to master.  [2.8.2-CU]  Removing too little obstructs the dye and its visualization, while removing too much damages the nerve terminals.  [2.8.1-SCOPE]

2.8.1. film entire step as written from scope-camera
2.8.2. [combined with 2.8.1] this interjecting shot should show the mechanical plucking/pulling from the hands perspective, to give the viewer an idea of the force needed

2.9. Guy Bewick:  Using a small mouse minimizes the adhesion between the anterior and posterior skin layers, and the difficulty of removing the cartilage. These features both greatly increase the likelihood of successful staining. [MED/WID]

2.9.1. interview shot at bench, with Guy

2.10. Each skin preparation may be cut in half from the apex to the base [2.10.1-CU] to maximize the number of replicates and minimize animals used. [2.10.2-ECU]

2.10.1. Cutting one preparation in half

2.10.2. show all four halves in detail, ready for the labeling procedure
3. Lanceolate Terminal Labeling
3.1. Guy: This section describes how to stain the tissues with 
FM1-43, but the procedure should work for several chemically related dyes of this class (FM2-10, FM4-64), with suitable adjustment of concentrations. 

3.1.1. Interview shot, TEXT: FM1-43 = N-(3-triethylammoniumpropyl)-4-(4-(dibutylamino)styryl) pyridinium dibromide dye

3.2. Perform this procedure in minimal ambient light levels.  Before beginning, make [3.2.1-WID] enough fresh 10 µM FM1-43 in the appropriate gassed physiological saline for three mL per preparation.  [3.2.2-MED]

3.2.1. dimming room lights and preparing to work with dye, putting on glove, etc.

3.2.2. making fresh dye mixture, dim lighting

3.3. Put each preparation in a separate silicone-lined 35-mm dish with two mL of the appropriate saline. To compare the ability of Ca2+ and Ba2+ (pronounce Barium) to sustain dye uptake, incubate in separate dishes from this point. [MED] Put some in normal Liley’s (2 mM Ca2+) and others in Liley’s where Ba2+ substitutes for Ca2+. [MED]
3.3.1. loading tissues into dishes with saline

3.3.2. [added] loading Ca- and Ba- Liley’s into tissues in separate dishes. 
PUT 3.5 BEFORE 3.4
3.4. Next, place the open-dish preparations on a slightly submerged platform in a 30 °C water bath.  [3.4.1- MED] The water depth should be sufficient to warm the tissues without spilling into the dish. [3.4.2-CU]

3.4.1. placing dishes in bath

3.4.2. detail of water level on walls of dishes

3.5. Into each dish, pin a fine gas line onto the silicone base to gas the preparations at about ten bubbles per second.  [CU/TEXT]

3.5.1. pinning down the gas line and setting gas flow to 10 bubbles/sec, TEXT: 0.5 – 1.0 mm o.d.

3.6. Also, warm up the FM1-43 solutions and 100 mL of dye-free saline in tightly stoppered-bottles. [MED]

3.6.1. Placing the dye bottle and saline bottle into the water bath

3.7. Let everything equilibrate to 30 °C [3.7.1-CU] and after 30 minutes replace the dye-free saline on the tissue using the warmed solution. [3.7.2-MED] Incubate for a further 30 minutes.

3.7.1.  starting a timer to countdown 30 minutes

3.7.2. timer at 30 minutes, talent uses warm solutions to change the bath two saline solutions in the open dishes

3.8. After the incubation, pour away the dye-free saline [3.8.1-MED] and quickly and carefully blot away any liquid remaining around the preparation. [3.8.2-CU] Be careful not to touch the exposed dermal surfaces.   [3.8.3-CU]

3.8.1. Film as written, timer at 0

3.8.2. blotting around preparation in dish with tissue paper

3.8.3. [combined with 3.8.2] blotting around preparation in dish with tissue paper, next preparation dish

3.9. Now add two to three mL of Ca2+ or Ba2+-containing warmed dye solution and return the preparations [3.9.1-MED] to the water bath, keeping the gassing lines in place throughout. [3.9.2-CU]

3.9.1. adding dye to preparation dishes

3.9.2. setting dishes back in bath, gas lines continue to gas solution Also slated as 3.9.1
3.10. After 40 minutes, return the tissues to room temperature for the remainder of the procedure. [MED]

3.10.1. removing preparations from the water bath, timer counted down to zero

3.11. Now, remove the non-internalized dye in three stages.  First, pour away the labeling solution [3.11.1-MED] and quickly rinse the tissues three times with saline in rapid succession and then let them incubate for 30 minutes to departition most of the remaining dye from the surface membranes. [3.11.2-MED/TEXT]

3.11.1. pouring off dye solution

3.11.2. [combined with 3.11.1] performing a quick rinse(s) of a plate, TEXT: Rinse 3X

3.12. Then cover the tissues with dye-free saline [3.12.1-CU] and let them incubate for 30 minutes to departition most of the remaining dye from the surface membranes. [3.12.2-MED]

3.12.1. film as written, tissue already rinsed 3X

3.12.2. covering the plate, or setting aside, and loading next plates with saline, until all plates loaded and, then, starting a 30 min timer

3.13. Lastly, remove the persistent dye stuck to the external leaflet of the exposed membranes [3.13.1-MED] by chelating the preparation with a sulfonated b-cyclodextrin derivative.   Thus, all remaining dye will be within the tissues.  [3.13.2-MED]

3.13.1. pouring the saline off the preparations and blotting around preparations in dish with tissue paper 

3.13.2. [combined with 3.13.1] adding chelating solution to the preparations, mixed in saline, clearly labeled bottle

3.14. After chelating, return the preparations to fresh dye-free saline [3.14.1-MED] and dry the outside of the dishes thoroughly with tissue paper.  Then, image them as soon as possible. [3.14.2-MED]

3.14.1. changing solutions on preparations to saline

3.14.2. [combined with 3.14.1] drying off the outside surfaces of the preparation dishes
4. Imaging Labeled Lanceolate Endings
4.1. Continue operating under minimal ambient light. [WID]

4.1.1. talent setting up preparation in dimly lit room, under stereoscope

4.2. Before imaging, using a stereoscope, remove surface debris that would auto-fluorescence and contaminate the images.  [SCOPE]

4.2.1. picking out debris

4.3. Then, position the dish under an upright epifluorescence microscope with a standard fluorescein filter set. [WID/TEXT]

4.3.1. film as written, TEXT: 480-490 nm excitation, 500-520 nm emission for N-(3-triethylammoniumpropyl)-4-(4-(dibutylamino) styryl) pyridinium dibromide dye

4.4. Next, attenuate the excitation light intensity using neutral density filters until the preparation [4.4.1-CU] is illuminated just enough to comfortably locate the nerve terminals. Full illumination will kill the nerve terminals rather quickly.  [4.4.2-SCOPE]

4.4.1. adding neutral density filters to dim light

4.4.2. show light dimming to low enough level and then talent locating the follicles under the low light Not slated
4.5. Once located, capture images of the labeled lanceolate terminals [4.5.1-MED] using a 10X dry objective or a 20X water immersion objective. [4.5.2-CU] Minimize the light intensity and exposure time by using a camera integration time of one-half to one second.  [4.5.3-LM/MED-over the shoulder]

4.5.1. talent overviews image that is to be captured

4.5.2. detail of objective in use, showing light strength on preparation
4.5.3. to be provided by authors, a screen capture of setting the exposure length and time and integration time; if screen capture software cannot be downloaded, please use a MED-over the shoulder shot

4.6. For each preparation, image about 20 lanceolate endings, starting at the margin furthest from the cut edge at the base of the pinna skin and working along this margin imaging each follicle in turn. Work in slightly overlapping fields parallel to the cut edge, without imaging the same follicle twice or imaging obviously damaged follicles.  [LM/MED-over the shoulder]
4.6.1. [combined with 4.5.3] to be provided by authors, a screen capture of the described step; if screen capture software cannot be downloaded, please use a MED-over the shoulder shot
4.7. After completing the marginal strip, move one field-width towards the base of the pinna, and repeat the process in the reverse direction.  Analysis is described in the text protocol. [LM/MED-over the shoulder]
4.7.1. to be provided by authors, a screen capture of the described step; if screen capture software cannot be downloaded, please use a MED-over the shoulder shot

4.8. [added] After imaging the first dish, showing follicles labelled in Ca2+-containing saline, image the follicles labelled in Ba2+-containing saline. 
4.8.1. [added] SCOPE
4.8.2. [added] SCREEN CAPTURE of 4.8.1
4.9. [added] Continue in this manner, ensuring the imaging of the remaining control (Ca2+) and experimental (Ba2+) tissues are time-matched as, after labelling, dye will subsequently be released again by the constitutive exocytosis arm of constitutive SLV-recycling.
5. Results: Labeled Nerve Terminal in Hair Follicle Lanceolate Endings
5.1. In a typical pinna preparation, hair follicles are easily seen under transillumination without fluorescence, illustrating the wafer-thin nature of the preparation and the relative ease of accessibility it affords to these mechanosensory terminals. 

5.1.1. Figure 1A

5.2. Under epifluorescence, the labeled lanceolate terminals surrounding each hair follicle are clearly seen and show the typically robust spontaneous FM1-43 uptake. The punctate pattern reflects terminals being observed in an optical plane orthogonal to the skin, along the length of the terminal.

5.2.1. Figure 1B
5.3. One of many applications of this method is in the study of exocytosis kinetics.  As expected, a labeled terminal is seen de-staining spontaneously.  By applying a known exocytosis stimulant, alpha-latrotoxin, the natural de-staining process is accelerated. 

5.3.1. Figure 3C
6. Conclusion (said by authors on camera)
6.1. Robert Banks: Once mastered, this entire protocol and imaging can be completed in 2.5 hours if it is performed properly.  
6.2. Guy Bewick: While attempting this procedure, it’s important to remember to use small mice, dissect quickly and be maximally dark adapted to minimize illuminating light intensity.
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: This procedure can also be used in combination with other methods like pharmacology and electrophysiology to study how SLV recycling (dye uptake and release) is regulated and how this relates to the sensory ending responsiveness (as shown in 53854).
6.5. [added] Guy Bewick: Using this procedure, it can be seen that terminals label just as readily in Ba2+ as in Ca2+, indicating Ba2+ supports synaptic-like vesicle recycling just as readily.
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 in the sister article (53854) 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


