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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 4.3.	Comment by Bridget Colvin: Authors: You do not need to include steps that will be screen captured.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.6.
5. Will the filming need to take place in multiple locations? N


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. Ke Liu: This procedure allows the accurate localization of a specific frequency region of the basilar membrane in a mouse model, in which the synapse number, structure, and function can be analyzed [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Ke Liu: The cochlear localization of specific frequency regions can be reliably performed using place-frequency maps in conjunction with cochleogram data [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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


1.3. Shu-Sheng Gong: This method can provide insight into the theory that cochlear synaptopathy is the primary initial event associated with hidden hearing loss, tinnitus, and hyperacusis [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Shu-Sheng Gong: Individuals new to this technique should master the identification of the anatomical structure and physiological function of the ribbon synapses and practice the whole cochlear basilar membrane harvest [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Section - Protocol
2. Animal Selection
2.1. After confirming a lack of response to toe pinch in an anesthetized 8-week-old, adult C57BL/6J male mouse [1-TXT], place the mouse on a 37-degree Celsius heat pad in an electrically and acoustically shielded room [2]. 
2.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: ketamine hydrochloride 100 mg/kg + xylazine hydrochloride 10 mg/kg i.p.
2.1.2. MED: Talent placing mouse onto heat pad
2.2. Next, place a subdermal 20-millimeter, 28-gauge needle recording electrode with a depth of 3 millimeters under the skin at the vertex of the skull [1], a reference electrode in the ipsilateral parotid region below the pinna of measured ear [2], and a ground electrode in the contralateral parotid region [3].
2.2.1. CU: Recording electrode being placed
2.2.2. CU: Reference electrode being placed
2.2.3. CU: Ground electrode being placed
2.3. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Place a closed-field speaker equipped with a 2-centimeter plastic tube with a cone-shaped tip next to the mouse [1] and fit the tip into the external ear canal [2].
2.3.1. MED: Talent placing speaker Videographer: No need to show mouse in shot/minimal mouse in shot at most
2.3.2. CU: Tip being inserted into canal
2.4. For an auditory brainstem response, or ABR (A-B-R), recording, generate tone pips [1-TXT] at decreasing sound pressure levels from 90 to 10 decibels in 5‒10 decibel sound pressure level steps [2].
2.4.1. MED-over the shoulder: Talent setting up tone pips, with monitor visible in frame TEXT: 3 ms duration, 1 ms rise/fall times, 21.1/s rate, 4-48 kHz frequency
2.4.2. SCREEN: To be provided by Authors: Decreasing SPL being set	Comment by Bridget Colvin: Authors: Please upload all screen captured files to your project page.

Ok, we have known that.
2.5. During this step, the responses are amplified, filtered, and averaged [1].
2.5.1.  SCREEN: To be provided by Authors: Response(s) being amplified, filtered, and averaged
2.6. At each frequency, determine the ABR threshold [1], which is the minimal sound pressure level that results in a reliable ABR recording with one or more distinguishable waves that can be clearly identified by visual inspection [2].
2.6.1. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize Frequency data points along x-axis
2.6.2. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize data line
3. [bookmark: _Hlk533025139][bookmark: _Hlk533025832]Cochlear Tissue Processing
3.1. After the ABR recording, expose the bulla from the ventral side [1-TXT] and open the bulla with sharp scissors to gain access to the cochlea [2].
3.1.1. WIDE: Talent exposing bulla TEXT: Euthanasia: Anesthesia + cervical dislocation
3.1.2. CU: Shot of exposed bulla, then cochlea being accessed 
3.2. Using fine forceps, remove the temporal bones [1] and sever the stapes artery [2]. 
3.2.1. CU: Bone(s) being removed
3.2.2. CU: Artery being severed
3.3. Then remove the stapes from the oval window [1] and rupture the round window membrane [2].
3.3.1. CU: Stapes being removed
3.3.2. CU: Round window membrane being ruptured
3.4. Gently rotate the tip of a 13-millimeter, 27-gauge needle to make a small hole at the apex of the cochlea [1] before using a fine-tipped pipette to gently flush 4% paraformaldehyde through the window into the perilymphatic spaces [2-TXT].
3.4.1. CU: Needle being rotated
3.4.2. CU: PFA being added to bones, with PFA container label visible in frame TEXT: Alternative: Flush PFA through apex opening
3.5. Next, rinse the bones three times for 5 minutes per wash with cold, fresh 0.1-molar PBS per wash [1] followed by decalcification of the bones with 10% EDTA for 4 hours at room temperature and 20 rotations per minute on a horizontal shaker [2-TXT].
3.5.1. MED: Talent placing bones into PBS, with PBS container visible in frame
3.5.2. CU: Shot of bones in EDTA shaking on shaker, with EDTA container visible in frame as possible TEXT: Alternative: Decalcify 24 h at 4 °C
3.6. At the end of the incubation, transfer a decalcified temporal bone into fresh 0.1-molar PBS under a dissecting microscope [1] and use #3 and #5 Dumont forceps and the 27-gauge needle to dissect the apical, middle and basal cochlear regions in turn [2].
3.6.1. MED: Talent transferring bone to PBS under microscope, with PBS container visible in frame
3.6.2. LAB MEDIA: To be provided by Authors: Bone being dissected
3.7. Use a razor blade to make a series of small cuts along the spiral ligament and remove the tectorial membrane and Reissner’s membrane [1].
3.7.1. LAB MEDIA: To be provided by Authors: Cuts being made, then membrane(s) being removed
3.8. [bookmark: _Hlk533025313]Further dissect the remaining auditory epithelium, including the spiral limbus, into individual cochlear turns for whole-mount preparations [1].
3.8.1. LAB MEDIA: To be provided by Authors: Epithelium being dissected
3.9. Then use the 40x oil objective of a light microscope [1] to measure the basilar membrane length with a 250-micrometer scale placed in the eyepiece that can be adjusted along the stereocilia of the inner hair cells [2].
3.9.1. MED: Talent placing tissue under microscope
3.9.2. LAB MEDIA: To be provided by Authors: Shot of basilar membrane and scale 
4. Immunofluorescence Staining
4.1. After dissection, place each cochlear turn into individual 2.5-milliliter centrifuge tubes [1] and block any non-specific binding with 10% goat serum in PBS and 0.1% Triton X-100 for 1 hour at room temperature on a rotator [2].
4.1.1. WIDE: Talent placing turn into tube, with blocking/permeabilization serum container visible in frame
4.1.2. MED: Talent placing tube(s) onto rotator 
4.2. At the end of the incubation, use a 200-microliter pipette tip to remove the solution under a dissection microscope [1] and incubate the specimens with the primary antibodies of interest diluted in 5% goat serum in PBS and 0.1% Triton X-100 overnight at 4 degrees Celsius on a rotator [2].
4.2.1. LAB MEDIA: To be provided by Authors: Solution being aspirated
4.2.2. CU: Antibody being added to tube, with antibody container(s) visible in frame 
4.3. The next morning, rinse the tissue samples three times for 5 minutes with cold, 0.1-molar PBS per wash to remove any residual primary antibody [1]. 
4.3.1. MED: Talent adding PBS to tissues/tissues to PBS, with PBS container visible in frame
4.4. Then label the specimens with the appropriate secondary antibodies diluted in 5% goat serum in PBS and 0.1% Triton X-100 for 2‒3 hours at room temperature on the rotator protected from light [2].
4.4.1. CU: Shot of tube(s) on rotator, with secondary antibody container labels visible in frame as possible 
4.5. At the end of the incubation, wash the samples three times with 0.1-molar PBS as demonstrated [1] and transfer the specimens into individual 35-millimeter plates containing 0.1-molar PBS [2].
4.5.1.  MED: Talent adding PBS to tissues/tissues to PBS, with PBS container visible in frame
4.5.2. MED: Talent placing specimen to plate
4.6. Place a drop of DAPI (DAP-ee)-supplemented mounting medium onto the slide [1] and transfer the specimens from PBS to the mounting medium [2].
4.6.1. MED: Talent placing mounting medium onto slide
4.6.2. CU: Specimen being added to mounting medium
4.7. Place one edge of a coverslip onto each slide [1] and release to let the coverslips fall gently [2].
4.7.1. CU: Coverslip edge being placed onto slide
4.7.2. CU: Coverslip being gently overlaid
4.8. Then dry the slides in a slide box at 4 degrees Celsius overnight [1].
4.8.1. MED: Talent placing slide(s) into box
5. Morphological Cochlear Ribbon Synapse Evaluation
5.1. To image the specimens, use a confocal microscope with the appropriate lasers and a 63x high-resolution oil immersion lens [1] to acquire 8-micrometer confocal z-stacks from each cochlear turn [2].
5.1.1. WIDE: Talent at microscope, selecting 63x lens
5.1.2. SCREEN: To be provided by Authors: Z-stack(s) being acquired 
5.2. For synaptic punctum counts, set the z-stacks with a 0.3-micrometer step size to span the entire length of inner hair cells, ensuring that all of the synaptic puncta can be imaged, and merge the puncta-containing images in a z-stack to obtain the z-axis projection [1].
5.2.1. SCREEN: To be provided by Authors: Z-stacks being set to span entire length of inner hair cells, then image(s) being merged
5.3. Import the merged images to an appropriate image-processing software program [1] and divide the synaptic total counts in each z-stack at specific frequency regions by the number of DAPI-positive inner hair cells to calculate the number of synaptic puncta for each cell [2].
5.3.1. MED-over the shoulder: Talent importing merged images into new program, with monitor visible in frame
5.3.2. SCREEN: To be provided by Authors: Total counts being vided/number of synaptic puncta being calculated
5.4. At each specific frequency region, average all of the synaptic puncta in three images of different microscopic fields containing 9-11 inner hair cells [1].
5.4.1. SCREEN: To be provided by Authors: Synaptic puncta being averaged for one frequency
5.5. To better visualize the cytoskeletal architecture and synaptic localization, use the Brush Tool to visually assess the synaptic structure and distribution of the individual inner hair cells [1].
5.5.1. SCREEN: To be provided by Authors: Brush tool being used to assess synaptic structure/distribution
5.6. To inspect the juxtaposition of presynaptic ribbons and postsynaptic receptor patches, use the Rectangular Marquee Tool to extract the voxel space around the ribbons and use Image Cutting to isolate the individual ribbons [1].
5.6.1. SCREEN: To be provided by Authors: Voxel space being extracted, then one ribbon being isolated
5.7. Then click Image and Image Size to acquire a thumbnail array of these miniature projections that can be used to identify paired synapses versus orphan ribbons [1].
5.7.1. SCREEN: To be provided by Authors: Image and Image Size being clicked, then thumbnail appearing 


Section – Results
6. Results: Representative Cochlear Frequency Localization and Cochlear Ribbon Analysis

6.1. [bookmark: _Hlk533023205]All ten of the mice in this representative experiment exhibited ABR thresholds in response to tone bursts, ranging between 25 [1] and 70 decibels per sound pressure level depending on the frequency of the stimulus [2]. 

6.1.1. LAB MEDIA: Figure 1: JoVE Video Editor: please add horizontal dotted line from y-axis at 25 dB SPL to end of graph or similar
6.1.2. LAB MEDIA: Figure 1: JoVE Video Editor: please add horizontal dotted line from y-axis at 70 dB SPL to end of graph or similar

6.2. The hearing threshold for this experiment was lowest at 16 kilohertz [1], corresponding to approximately 43% of the distance from the cochlear apex [2], suggesting that the acoustic sensitivity is significantly reduced in other cochlear regions [3].

6.2.1. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize 16 kHz data point
6.2.2. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize vertical grey line at 16 kHz where it crosses 43% distance point
6.2.3. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize 16 kHz 43% text and red marker

6.3. Whole-mounts of the auditory epithelium are dissected into three pieces [1] and the lengths are measured and converted into their percent distance from the cochlear apex [2].

6.3.1. LAB MEDIA: Figure 2B: JoVE Video Editor: please add/emphasize tissue images
6.3.2. LAB MEDIA: Figure 2B: JoVE Video Editor: please add/emphasize % texts

6.4. The frequency location on the basilar membrane of each cochlear turn is calculated using a logarithmic function [1].

6.4.1. LAB MEDIA: Figure 2B: JoVE Video Editor: please add/emphasize kHz texts

6.5. In normal ears of adult mice, immunostaining reveals juxtaposed pairs of synaptic ribbons and glutamate receptor patches [1] studding the surface of the basolateral membrane of the inner hair cells, with 8-20 pairs per cell [2].

6.5.1. LAB MEDIA: Figure 3A: JoVE Video Editor: please emphasize green and red and yellow signals within dotted lines in each image
6.5.2. LAB MEDIA: Figure 3A: JoVE Video Editor: please outline/emphasize white dotted line in each image

6.6. Although the vast majority of the puncta appear as juxtaposed pairs in normal ears [1], orphan ribbons are infrequently observed at high magnifications [2].

6.6.1. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize left and middle images/signals in left and middle images
6.6.2. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize right image/signal in right image

6.7. The number of inner hair cell ribbon synapses is highest at the 16-kilohertz region [1] and significantly decreases as the distance from this location increases [2].

6.7.1. LAB MEDIA: Figure 3C: JoVE Video Editor: please emphasize 16 kHz data point
6.7.2. LAB MEDIA: Figure 3C: JoVE Video Editor: please emphasize data line from 16 kHz to 48 kHz



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Ke Liu: (Step: 3.6.) Remember that the acquisition of an intact cochlear basilar membrane, which requires multiple practice sessions to master, must be achieved for optimal results [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera method
7.2. Shu-Sheng Gong: Following this procedure, gene therapy can be performed to answer questions about whether cochlear synaptopathy can be repaired by this method [1]. 
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Shu-Sheng Gong: This method is a vital technique for exploring cochlear synaptopathy, which is considered the primary initial event associated with hidden hearing loss, tinnitus, and hyperacusis [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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