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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Y
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) The most difficult aspects of our procedure are isolating the sacculus from the inner ear organs (step 4.1) and mounting the sacculus on a perforated disc for the two-chamber preparation (steps 5.2.1-5.2.5). In step 4.1.5, we must carefully trim around the perimeter of the sacculus and take care not to apply too much tension to the tissue. In step 5.2.4, the entire perimeter of the tissue must be glued to the substrate and glue must be isolated to the perimeter of the tissue alone. This must be performed while not touching the tissue with the Teflon applicator, it must be completed rapidly so that the cyanoacrylate glue does not creep over the tissue.
We suggest using still frames to point out important landmarks during the dissection procedure. For example, a still frame can be used before isolation of the sacculus (between steps 3.14 and 4.1.1), and another before application of glue (between steps 5.2.3 and 5.2.4).
D.  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. (Please do not list entire sections.) 
See answer to question C: Steps 4.1 and 5.2.1-5.2.5. 
E.  Will the filming need to take place in multiple locations? N


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to prepare the bullfrog sacculus for both micromechanical and biophysical studies. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Julien: This method can help answer key questions in the field of sensory neuroscience: How do auditory and vestibular hair cells adapt to stimulation?  What causes spontaneous oscillation of hair bundles? How do hair cells actively respond to mechanical stimuli? 
1.2. Julien: This technique offers easy access to hair cells that remain healthy for several hours.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Josh: Because saccular hair cells are fragile and mechanically sensitive, preservation of their integrity can prove difficult during these procedures. Here we provide a visual demonstration of the method so that others can implement proper tissue handling techniques and can achieve success in biophysical studies of the inner ear.

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 Care and Use Committee at The Rockefeller University. 


Protocol (read by voice talent at JoVE):

Pronunciations:
“lagena”
lah-GHEE-na

“lagenar”
lah-GHEE-nar

“ampulla”
AMP-you-la

“iontophoretic”
eye-on-toh-for-etic
2. Extraction of Inner Ear Organs
2.1. Begin by placing the freshly-decapitated bullfrog head under a stereodissection microscope [1-MED]. The dashed box in this image shows the location of the inner ear [2-LM]. Use a scalpel [3-MED] to make a midline cut through the palatal tissue from the vomarine teeth to the most posterior extent of the tissue [4-SCOPE]. 
2.1.1. Talent enters the shot with the bullfrog head in the dissection dish and places it on the stage of the dissection microscope. 
2.1.2. LAB MEDIA: 55380_Salvi_Figure1A. Video editor please remove other annotations except for the dashed box and the ‘P – A’ arrow annotation. 
2.1.3. Talent picks up scalpel. 
2.1.4. *film as written. 
2.2. Next, make horizontal cuts with the scalpel to sever and clear any muscle lying below the palatal tissue to reveal the posterior cartilage [1-SCOPE]. After removing the muscle, observe the lollipop shape of the temporal cartilage [2-SCOPE] that forms the boundary of the otic capsule [3-LM]. 
2.2.1. The cuts are made and the muscle is cleared. 
2.2.2. The lollipop shape of the temporal cartilage is indicated with the tip of the scalpel. 
2.2.3. LAB MEDIA: 55380_Salvi_Figure1B. Include a still image of the lollipop structure. Vide Editor please remove all annotations except the dashed pork-chop shape. 
2.3. Sever the columella at its point of contact with the otic capsule’s cartilage [1-SCOPE], then repeatedly make shallow horizontal cuts through the cartilage to shave off several thin layers. Avoid deep cuts to prevent damage to the inner-ear organs [2-SCOPE]. 
2.3.1. *film as written. 
2.3.2. The thin cuts are made and cartilage is seen to be shaved off. 
2.4. Stop shaving once the otic capsule found within the lollipop structure of the temporal cartilage is open [1-SCOPE] and the inner-ear organs are visible as shown in this image [2-LM]. 
2.4.1. The last one or two pieces of cartilage are shaved off and the otic capsule is opened with inner ear organs visible if possible. 
2.4.2. LAB MEDIA: 55380_Salvi_Figure1C.  Display still image of the inner ear within the otic capsule. Video editor please remove all annotations except for the ‘P – A’ arrow annotation. 
2.5. Next, trim the posterior and lateral edges of the otic capsule, taking care not to damage the inner-ear organs [1-SCOPE]. Frequently flow saline over the inner ear organs [2-MED-over the shoulder] to ensure that they remain submerged and hydrated throughout the dissection [3-SCOPE]. 
2.5.1. The posterior and lateral edges are trimmed. 
2.5.2. Talent flowing saline over the inner ear. 
2.5.3. Show otic capsule filled with saline (it’s OK if it drains away as part of the shot). 
2.6. Now, locate the two circular openings in the temporal bone at the medial connection of the cartilage to the midline [1-SCOPE]. Cut downward through the most medial opening to rupture the temporal bone [2-SCOPE].
2.6.1. Both circular openings are indicated with the tip of the scalpel. 
2.6.2. The downward cut is made and the temporal bone is ruptured. 
2.7. Then make a second downward cut through the otic capsule at its postero-lateral edge [1-SCOPE]. Pry loose the piece of cartilage between this and the previous cut to provide access to the inner-ear organs [2-SCOPE]. This action severs the nearest semicircular canal, which can then be used as a handle for further manipulations [3-SCOPE].
2.7.1. The second downward cut is made. 
2.7.2. The piece of cartilage is lifted with forceps/tip of scalpel and removed.
2.7.3. ADDED: The semicircular canal is grasped with forceps as if it is to be used as a handle. 
2.8. Next, taking care not to touch the sacculus, sever the lagenar and VIIIth cranial nerve at the level of Scarpa’s ganglion [1-SCOPE].
2.8.1. The scalpel/forceps enter the shot without touching the sacculus and the cranial nerve is severed as described. 
2.9. While holding the ampulla of the nearest semicircular canal, gently rotate the inner ear and sever the remaining two semicircular canals [1-SCOPE]. 
2.9.1. *film as written. 
2.10. Holding the nerve or a semicircular canal ampulla, extract the inner ear from the head [1-SCOPE], and place it in a dish filled with chilled oxygenated artificial perilymph [2-CU-TXT]. 
2.10.1. The nerve or canal ampulla is grasped and the inner ear lifted out of the head. 
2.10.2. The inner ear is placed in the dish as described. TEXT: Repeat these steps to extract the second ear.
2.11. Removal of the inner ear permits visualization of the passages within the temporal bone through which the semicircular canals once passed [1-LM]. 
2.11.1. LAB MEDIA: 55380_Salvi_Figure1D.  Insert still image of otic capsule without the inner-ear organs. Video Editor please remove scale bar annotation in right hand corner. 
3. Isolation of Sacculus 
3.1 The sacculus is identified by the large white mass of otoconia and the saccular nerve on the surface [1-LM]. 
3.1.1. LAB MEDIA: 55380_Salvi_Figure1E. Insert still image of inner ear organs in isolation. Video editor please remove the labels i-iii leaving only the dashed region which could be highlighted by flashing or similar. 
3.2. Identify the sacculus [1-SCOPE] and then trim the semicircular canals to render the inner ear more maneuverable [2-SCOPE].
3.2.1. Talent indicates location of sacculus with forceps. 
3.2.2. The semicircular canals are trimmed. Shot to be edited for length. 
3.3. Next, make gentle cuts around the perimeter of the perilymphatic cistern overlying the neural side of the sacculus [1-SCOPE]. Sever the small pillars of tissue that bridge the cistern’s membrane to the neural side of the sacculus and remove the cistern [2-SCOPE-TXT]. 
3.3.1. *film as written. 
3.3.2. *film as written. TEXT: Take care to not physically traumatize the sacculus to maintain the integrity of saccular hair cells.
3.4. Next, remove the nerve to the utriculus, lagena, and lagenar nerve[1-SCOPE].
3.4.1. The nerve to the utriculus, lagena, and lagenar nerve are lifted out of the preparation. 
3.5. Then, while holding the saccular nerve, gently lift the sacculus and cut through the thin membrane of the otoconial sac [1-SCOPE]. As otoconia spill out of the sac, free the sacculus by cutting around its perimeter [2-SCOPE-TXT]. 
3.5.1. The saccular nerve is grasped, the saccular is lifted and the cut is made as described. 
3.5.2. Show otoconia spilling from the sac and the cuts being made. TEXT: Save the remaining inner-ear organs if desired. 
3.6. Use scissors or forceps [1-MED] to carefully wipe away any otoconia remaining on the sacculus. Take care not to touch the sacculus during this process [2-SCOPE]. 
3.6.1. Talent picks up scissors or forceps. 
3.6.2. The otoconia are wiped away without touching the sacculus. 
3.7. Now trim any remaining otoconial-sac membrane from the sacculus’ edge to prevent membrane adherence to plastic and glass surfaces [1-SCOPE].
3.7.1. Otoconial sac membrane is removed. 
3.8. Finally, gently flow saline over the sacculus with a Pasteur pipette [1-SCOPE] to remove any remaining otoconia [2-SCOPE-TXT]. The sacculus in isolation is shown in detail here [3-LM]. 
3.8.1. Talent dispensing saline onto the sacculus. 
3.8.2. Show the remaining otoconia being washed away leaving the clean sacculus. TEXT: Repeat the procedure to isolate the second sacculus, which is a mirror image of the first.
3.8.3. LAB MEDIA: 55380_Salvi_Figure1F. Insert the still image of the sacculus in isolation. Video editor please remove labels and dashed regions. 
4. One-Chamber Preparation: Digestion and Mounting  
4.1. Using the back-end of a Pasteur pipette with a broken tip [1-MED], transfer the isolated sacculus to a petri dish containing protease-24 solution [2-CU-TXT]. Then incubate the tissue for 30 minutes at 22 C [3-MED-over the shoulder-TXT]. 
4.1.1. Talent aspirates the sacculus into the Pasteur pipette. 
4.1.2. The sacculus is gently expelled into the dish containing liquid.TEXT: 3 mL of 67 mg∙L-1 protease XXIV in artificial perilymph. 
4.1.3. Talent places the lid on the dish if the incubation is performed on the bench or transfers the dish to a temp–controlled cabinet if this is the authors’ usual method. (TEXT: 30 min @ 22 C. 35 min at 21 C)
4.2. Transfer each digested sacculus to an open-faced experimental chamber [1-MED] and secure the tissue with magnetic pins [2-CU]. 
4.2.1. Talent transfers the sacculus to the chamber. 
4.2.2. The sacculus is shown in the chamber as magnetic pins are placed to secure the tissue. 
4.3. Then use a fine eyelash [1-MED-over the shoulder] to remove the overlying otolithic membrane and reveal the saccular macula containing the hair cells [2-SCOPE-TXT]. 
4.3.1. Talent picks up the eyelash. 
4.3.2. The otolithic membrane is removed and the saccular macula is revealed. TEXT: Avoid touching the saccular macula. 
5. Two-Chamber Preparation: Digestion and Mounting
5.1. After isolating the sacculus [1-MED], fill the mounting block with artificial perilymph [2-MED]. Then apply two spots of vacuum grease to one opening [3-CU] and place perforated aluminum on top, forming a weak seal [4-MED-over the shoulder].
5.1.1. Talent brings the sacculus in the dish to the bench with the mounting block and other required reagents/tools. 
5.1.2. Talent fills the mounting block w perilymph. 
5.1.3. *film as written. 
5.1.4. Talent places aluminum on of the grease spots. 
5.2. Then transfer the sacculus to the foil [1-MED] and center it on top of the hole with the macula facing down and the nerve stump facing up [2a-CU]. Use a piece of twisted tissue [2b-MED] to draw saline from the opposite side of the mounting chamber in order to form a tight seal between the sacculus and the mounting foil [2c-SCOPE].
5.2.1. [bookmark: _GoBack]*film as written. 
5.2.2. (a) The sacculus is adjusted so that the shot ends with the macula facing down and the nerve stump facing up. 
(b) ADDED: Talent tears and twists tissue.
(c) ADDED: Talent indicates the hole on the opposite end of the mounting chamber from which saline will be drawn. The sacculus is shown again so that viewers can appreciate the tissue being sucked down onto the mounting foil.
5.3. Wick the saline surrounding the sacculus from the surface of the aluminum square [1-SCOPE]. 
5.3.1. The piece of twisted tissue enters the shot and absorbs the saline from around the sacculus. 
5.4. Use a polytetrafluoroethylene applicator to rapidly apply cyanoacrylate glue along the boundary between the edge of the sacculus and the aluminum square [1-SCOPE]. Ensure that the entire circumference of the sacculus is covered with glue [2-SCOPE]. 
5.4.1. The glue is applied as described. 
5.4.2. Shot showing the sacculus at the end-point of glue application. 
5.5. Josh: When applying cyanoacrylate glue, use the applicator to guide the glue around the tissue’s edge while avoiding direct contact. Your goal is to achieve a complete seal to isolate the endolymphatic and perilymphatic compartments. Proceed expediently to ensure that the glue does not creep over the back of the tissue [1-INT].
5.5.1. Talent speaks the above soundbite to camera.
5.6. Place a drop of saline on top of the mounted tissue to cure the glue [1-MED+SCOPE]. A thin film of glue may form on top of the drop of saline, if so, remove it with forceps [2-SCOPE].
5.6.1. Talent aspirates saline into Pasteur pipette or similar and drips it onto the tissue. Author’s Note: This was shot once in MED and once in SCOPE. If possible, begin by showing the MED shot, and cut to the SCOPE when the drop is about to fall on the tissue.
5.6.2. The thin film is removed with forceps.  
5.7. Carefully remove the foil from the mounting block [1-MED]. Flip the mounted tissue over so that the macular side of the sacculus faces upward [2-MED-over the shoulder] and float it on an artificial perilymph-filled petri dish [3-CU]. 
5.7.1. *film as written. 
5.7.2. Talent uses forceps (or similar) to flip the tissue. 
5.7.3. The tissue is floated in the perilymph-filled dish. 
5.8. Add a drop of protease-24 solution on top of the macula [1-CU] and incubate for 30 minutes at 22 C [2-MED-TXT]. 
5.8.1. *film as written. 
5.8.2. Talent covers the preparation if this is usually done. TEXT: 30 min @ 22 C. 35 min at 21 C. 
5.9. Following the incubation, fill the lower canal of the two-chamber apparatus with perilymph [1-MED] and place vacuum grease around the central chamber [2-CU]. 
5.9.1. Talent fills the lower canal. 
5.9.2. Vacuum grease is applied around the central chamber. 
5.10. Place the foil-mounted sacculus on the lower chamber with its nerve facing the chamber’s surface [1-CU]. Apply grease around the perimeter of the foil [2-MED].
5.10.1. The foil holding the tissue is placed as described. 
5.10.2. *film as written.  
5.11. Place the upper chamber of the preparation on the foil, taking care to form a complete seal with the vacuum grease [1-CU]. Fill the upper chamber with bubbled artificial endolymph [2-MED-over the shoulder] then gently remove the otolithic membrane with an eyelash to reveal the saccular media containing the hair cells [3-CU].
5.11.1. The upper chamber is placed and the grease is seen to form a seal. 
5.11.2. *film as written. 
5.11.3. *film as written. Please hold the shot of the preparation with the saccular media visible after the removal of the membrane. 
6. Results: Displacement-response and Hair Bundle Oscillation 
6.1. This image shows the result of hair bundle displacement across discrete steps [1-LM]. Bundle displacement was tracked using a dual photodiode system [2-LM] with simultaneous sharp microelectrode receptor potential measurement [3-LM]. 
6.1.1. LAB MEDIA: 55380_Salvi_Figure2A. Show figure. Video editor please emphasize/zoom in on the image labeled ‘Command displacement’. 
6.1.2.  LAB MEDIA: 55380_Salvi_Figure2A. Show figure. Video editor please emphasize/zoom in on the image labeled ‘Bundle displacement’. 
6.1.3. LAB MEDIA: 55380_Salvi_Figure2A. Show figure. Video editor please emphasize/zoom in on the image labeled ‘Receptor potential’. 
6.2. A plot of the bundle’s receptor potential as a function of its displacement reveals a nonlinear relationship between the bundle’s response and its position [1-LM]. Each color represents a set of time series corresponding to the same displacement pulse [2-LM].
6.2.1. LAB MEDIA: 55380_Salvi_Figure2B. Show image. Video editor please connect the dots with an s-shaped overlay in time with “nonlinear response”. 
6.2.2. LAB MEDIA: 55380_Salvi_Figure2B. Show image. 
6.3. When viewed from above, hair bundles in a two-chamber preparation oscillate spontaneously [1a-LM]. In the absence of iontophoretic release of gentamicin, a hair bundle displays symmetric oscillations [1-LM]. Then, as the magnitude of current passed through an iontophoretic pipette filled with 500 mM gentamicin sulfate grows [2-LM], the frequency of hair-bundle excursions falls in a dose-dependent manner and the bundle is offset towards its tall edge for longer periods of time [3-LM]. 
6.3.1a. LAB MEDIA: 55380_Salvi_Video1.mp4 Please include a brief clip from the video. This clip can simply be the first 5 seconds of the attached video. 
6.3.1. LAB MEDIA: 55380_Salvi_Figure3. Video Editor please highlight “0 nA”. 
6.3.2. LAB MEDIA: 55380_Salvi_Figure3. Video Editor please highlight “10 nA and 20 nA”
6.3.3. LAB MEDIA: 55380_Salvi_Figure3. Video Editor please zoom in on or otherwise emphasize the portion of the figure encompassed by the gray box. 

7. Conclusion (said by authors on camera)
7.1. Julien: Once mastered, this technique can be done in 75 minutes if it is performed properly [1-INT].
7.1.1. Talent speaks soundbite to camera. 
7.2. Julien: Following this procedure, experimental methods, such as electrophysiology and mechanical-load clamping, can be performed to further explore the hair cell’s active process [1-INT].
7.2.1. Talent speaks soundbite to camera. 
7.3. Josh: This technique paved the way for researchers in the field of sensory neuroscience to explore the mechanics of hearing and balance in vertebrates [1-INT].
7.3.1. Talent speaks soundbite to camera. 
7.4.  Josh: After watching this video, you should have a good understanding of how to prepare the bullfrog’s sacculus for biophysical exploration of hair-cell physiology [1-INT].
7.4.1. Talent speaks soundbite to camera. 
   

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.
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