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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
2. Does your protocol include software usage? Yes
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? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot.
3.1.3, 3.3.3, 4.1.2, 4.2.2, 4.8.2, 4.8.3
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
4.3.1 Sections transferring during free-floating immunostaining procedure.  This step requires manual skills achievable by practice.
4.8.2 mounting the stained section on microscope slide in the correct orientation avoiding skin flipping.  It is helpful to perform this passage under a microscope
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Few meters, same building and same floor



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. Giorgia Melli: The diagnosis of Parkinson disease still relies on clinical signs of motor involvement that appear later in the course of the disease, when most neurons of the substantia nigra are already lost. This protocol allows dermal nerve analysis by skin biopsy that represents a potential new biomarker of disease to be used in clinical trials [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
.
1.2. Giorgia Melli: Skin biopsy is an easily accessible, not invasive procedure that allows the analysis of peripheral nervous tissue prone to the pathology. Alpha synuclein aggregates detection by skin biopsy can be used for diagnostic purposes possibly at early phases, when potential cure can be most effective [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

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

1.3. Elena Vacchi: Follow up skin biopsies in the same patients allow a time and spatial course analysis of alpha synuclein aggregates spreading in human cutaneous nervous system. This can shed light on the pathogenesis of disease [1].

1.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

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

1.4. The protocol has been approved by the Cantonal Ethics Committee and all enrolled subjects gave written informed consent to the study. 
1.5. 

Section - Protocol
2. Tissue Fixation and Storage
2.1. To begin this procedure, prepare a fresh PLP fixative solution as outlined in Table 1 of the text protocol [1]. Immediately after collecting the skin biopsy, submerge it in a tube containing 10 milliliters of the fixative solution [2-TXT]. Incubate overnight at 4 degrees Celsius [3].
2.1.1. MED: Talent approaches the work area and begins preparing the fresh PLP fixative solution
2.1.2. MED: Talent submerges the skin biopsy in a tube containing the fixative solution. TEXT: See text for details on collecting skin biopsy.
2.1.3. MED: Talent places the tube (containing the fixative and biopsy) into a refrigerator.
2.2. The next day, in a fume hood, remove the PLP fixative gently [1]. In the same tube, wash the biopsy 3 times for 5 minutes each, using 5 milliliters of 0.1 molar Sorensen’s solution for each wash [2].
2.2.1. MED: Talent, at a fume hood, gently removes the fixative from the tube.
2.2.2. MED: Talent washes the biopsy with Sorensen’s solution.
2.3. Discard the Sorensen’s solution [2.3.1a] and add 5 milliliters of cryo-protectant solution [2.3.1b]. Incubate overnight at 4 degrees Celsius [2]. The next day, store the biopsy at 4 degrees Celsius if the cut with a cryotome is to be performed within 1 week [3-TXT].
2.3.1. MED: Talent removes the Sorensen’s solution from the tube and adds cryo-protectant solution. (Author Comment: This step was split in two shots)
2.3.1a [Added Shot]: MED: Talent removes the Sorensen’s solution from the tube (Take 1.2)
2.3.1b [Added Shot]: MED: Talent adds cryo-protectant solution (Take 3.4)
2.3.2. MED: Talent places the tube into a refrigerator.
2.3.3. MED: Talent stores the biopsy in a refrigerator freezer. TEXT: See details on biopsy storage if cut is performed >1 week but ≤3 months.
3. Tissue Cut with a Cryotome
3.1. First, set the cryotome to -20 degrees Celsius [1]. Take a cryomold and fill it up with the cryo-embedding medium [2-TXT]. Using tweezers, immerse the biopsy into the cryo-embedding medium with the longitudinal axis parallel to the bottom of the cryomold [3].
3.1.1. MED: Talent sets the cryotome temperature.
3.1.2. MED: Talent fills a cryomold with cryo-embedding medium. TEXT: Avoid creating bubbles. (Editor: It looks like either 3.1.2a or 3.1.2b could be used here, though 3.1.2b might be preferable as it has no bubbles. Use whichever looks best)
3.1.2a [Added Shot]: Talent fills a cryomold with cryo-embedding medium (take 1)
3.1.2b [Added Shot]: Another take without bubbles
3.1.3. CU: Talent, using tweezers, immerses the biopsy into the cryo-embedding medium as described.
3.2. Snap-freeze the sample with liquid nitrogen to obtain a solid cube of cryo-embedding medium containing the biopsy in the right orientation [1]. Put the sample in the cryostat and wait for 30 minutes to allow the biopsy to acclimatize [2].
3.2.1. MED: Talent snap-freezes the sample with liquid nitrogen. Videographer: If possible, also capture of CU shot of the final solid cube.
3.2.2. MED: Talent puts the sample into the cryostat.
3.3. Then, fix the sample on the cryostat [1] and cut into 50 micrometer sections [2]. Using a small brush, transfer the cryo-sections to a 96-well plate containing 200 microliters of antifreeze solution in each well [3-TXT]. After this, store the plate at -20 degrees Celsius [4].
3.3.1. MED: Talent fixes the sample on the cryostat.
3.3.2. MED: Talent cuts the sample into sections.
3.3.3. MED: Talent uses a small brush to transfer the sections into the wells of a 96-well plate. TEXT: One section per well. (Author Comment: Take 2)
3.3.4. MED: Talent stores the plate in a freezer.

4. Immunofluorescence Staining
4.1. To begin, fill some of the wells of a fresh 96-well plate with 100 microliters of washing solution [1]. Transfer the sections to be analyzed from the storage plate to the one containing the washing solution [2-TXT]. 
4.1.1. MED: Talent fills the wells of a new 96-well plate with washing solution.
4.1.2. MED: Talent transfers the sections from the storage plate to the washing plate. TEXT: One section per well.
4.2. Leave the sections in the washing solution for 10 minutes at room temperature [1]. Then, transfer each section into an empty well containing the same washing solution, and repeat the wash [2].
4.2.1. MED: Talent sets the plate of washing solution aside on the lab bench to sit at room temperature.
4.2.2. MED: Talent transfers a section from one well, to a new well containing clean washing solution.
4.3. Next, add washing solution to the sections [4.3.1a], and transfer them into new wells containing 100 microliters of Blocking solution [4.3.1b] and incubate at room temperature for at least 90 minutes and for a maximum of 4 hours [2].
4.3.1. MED: Talent transfers a section into a new well containing blocking solution. (Author Comment: This step was divided in two shots) (Editor: I’ve added some VO to cover the new shot. If the authors don’t see this new VO as accurate, they may need to clarify what 4.3.1a is meant to show)
4.3.1 a: [Added Shot]: Talent fills the wells with washing solution
4.3.1b: [Added Shot]: Talent transfers a section into a new well containing blocking solution
4.3.2. MED: Talent sets the plate aside on the lab bench to incubate at room temperature.
4.4. Dilute the primary antibodies anti-PGP9.5 (“anti-P-G-P nine-point-five”) and anti-5G4 (“anti five-G-four”) in the working solution [1]. Transfer the sections into new wells containing 100 microliters of the working solution of the primary antibodies [2] and incubate them overnight at room temperature [3].
4.4.1. MED: Talent dilutes the primary antibodies in the working solution.
4.4.2. MED: Talent transfers a section into a new well containing the working solution of primary antibodies.
4.4.3. MED: Talent sets the plate aside to incubate at room temperature.
4.5. The next day, wash the sections in wells containing washing solution as previously described [1]. Dilute the secondary antibodies, Goat anti-Rabbit to detect PGP9.5 and Goat anti-Mouse to detect 5G4, in the working solution [2].
4.5.1. MED: Talent washes the sections by transferring them to new wells containing washing solution. Any action in the washing process can be filmed for this shot.
4.5.2. MED: Talent dilutes the secondary antibodies in the working solution.
4.6. Transfer the washed sections into new wells containing 100 microliters of the working solution of the secondary antibodies [1]. Cover the plate with aluminum foil to avoid the bleaching of fluorophore conjugated with secondary antibodies [2], and incubate at room temperature for 90 minutes [3].
4.6.1. MED: Talent transfers the sections into new wells containing the working solution of secondary antibodies.
4.6.2. MED: Talent covers the plate with aluminum foil.
4.6.3. MED: Talent sets the wrapped plate aside on the lab bench to incubate at room temperature.
4.7. After this, wash the sections two times in washing solution as previously described [1]. Transfer the washed sections into new wells containing 100 microliters of DAPI for 5 minutes at room temperature [2-TXT].
4.7.1. MED: Talent washes the sections. Any action in the washing process can be filmed for this shot.
4.7.2. MED: Talent transfers the washed sections into new wells containing DAPI. TEXT: DAPI diluted 1:1000 in 1x PBS.
4.8. Wash the sections two times in washing solution as previously described [1]. Then, mount the sections on a slide in the correct position avoiding misfolding [2]. Add a few drops of the mounting medium to the slide, and cover the section with a coverslip [3].
4.8.1. MED: Talent washes the sections. Any action in the washing process can be filmed for this shot.
4.8.2. CU: Talent mounts the sections on a microscope slide as described.
4.8.3. CU: Talent adds mounting medium to the slide, and places a coverslip over this.
4.9. Let the slides dry overnight [1]. The next day, store the slides in an appropriate box [2] at 4 degrees Celsius, making sure to avoid light exposure [3].
4.9.1. MED: Talent sets the slides aside to dry overnight.
4.9.2. MED: Talent places the slides into a box.
4.9.3. MED: Talent places the box of slides into the refrigerator.
5. Immunofluorescence Imaging
5.1. Using an inverted fluorescence microscope or a confocal microscope, view the sections [1]. Acquire the images by a camera connected to the microscope [2]. Then, use a fluorescence microscope or a confocal microscope to analyze positive signals in sections in terms of spatial distribution and intensity of the signal as outlined in the text protocol [3].
5.1.1. MED: Talent, at a microscope, views the sections. (Author Comment: Take 2 (to be cut before the microscope lid falls off))
5.1.2. MED: Talent uses a camera to acquire an image.
5.1.3. MED: Talent reviews previously obtained images to analyze positive signals in sections in terms of spatial distribution and intensity of the signal. Alternatively, the talent can be filmed at the microscope as they perform this analysis.




Section – Results
6. Results: Analysis of the Free-Floating Immunofluorescence Assay
6.1. Following the described method, αSyn aggregates, labeled with 5G4 antibody, are detected in dermal nerve fascicles innervating autonomic structures of PD patients [1].
6.1.1. LAB MEDIA: Figure 2.
6.2. The morphology of alpha-synuclein deposits appears as a dotted signal along the axons of dermal nerves [1]. Representative use of this protocol in 19 PD patients and 17 controls in skin biopsies at three anatomical sites [2], shows that 5G4 has a sensitivity of 81 percent and a specificity of 86 percent when compared to healthy controls [3], and P-αSyn “(phosphorylated alpha synuclein”) has a sensitivity of 56 percent and a specificity of 100 percent [4].
6.2.1. LAB MEDIA: Figure 2.
6.2.2. LAB MEDIA: Figure 2.
6.2.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the red in each image of Figure 2.
6.2.4. LAB MEDIA: Figure 2. Video Editor: Emphasize the green in each image of Figure 2.
6.3. 5G4 and P-αSyn positive deposits are found mainly around sweat glands, but are also found in muscle erector pili, small vessels, and subepidermal and dermal plexus, never in intraepidermal nerve fibers [1].
6.3.1. LAB MEDIA: Figure 2.
6.4. [bookmark: _GoBack]Generally, within the sweat gland’s lumen, it is possible to observe a nonspecific signal that could be misinterpreted as 5G4/P-αSyn positivity (“phosphorylated alpha synuclein”)  [1]. This type of signal is dotted, spherical and it is due most probably to intraluminal auto-fluorescent material, as demonstrated in technical controls without primary and secondary antibodies [2].
6.4.1. LAB MEDIA: Figure 3.
6.4.2. LAB MEDIA: Figure 3. Video Editor: Emphasize Figures 3E and 3F.
6.5. Co-localization with PGP9.5 that marks the nerve fibers, which morphologically are filamentous and elongated, helps to identify the correct signal [1]. Therefore, the specificity of 5G4 signal is highly increased by a double immunostaining with an axonal marker [2].
6.5.1. LAB MEDIA: Figure 4.
6.5.2. LAB MEDIA: Figure $. Video Editor: Emphasize Figure 4C.
6.6. An accurate fixation of the biopsy is necessary for producing a good quality immunofluorescence staining, and for the reliable interpretation of the fluorescent signals [1]. If the fixative is not correctly prepared or if an over-fixation has occurred, the result will be a high auto-fluorescence that will mask the signal of nerve fibers crossing the dermal-epidermal junction or innervate the main dermal structures [2].
6.6.1. LAB MEDIA: Figure 5.
6.6.2. LAB MEDIA: Figure 5. Video Editor: Emphasize Figures 5B, 5D, and 5F.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Elena Vacchi: The most critical step in this procedure is tissue fixation [1]: pay attention to pH of PLP fixative solution and timing of incubation to avoid autofluorescence and aspecific signals [2].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
7.1.2. Use shot 2.1.1.
7.2. Elena Vacchi: This is a versatile protocol that can be utilized for detection of any protein of interest in skin unmyelinated, myelinated, somatosensory and autonomic nerves. This protocol can be used to study several different diseases affecting the nervous system [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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