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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  
Can you record movies/images using your own microscope camera? (Y/N)___Y but with qualifications_  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __ We can record video/microscope images on the Swept Field Confocal microscope but we do not have a very good camera to film pinning/heart injections. The make and model of that scope is a Zeiss Stemi 2000 Stereo Microscope. Under the Stemi Stereo Microscope it is challenging to not have both eyepieces to do the protocol.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 
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.) 
2.2, 2.3., 2.5., 3.4, 3.5, 4.11
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.) ___________________________
Pinning the fish correctly so that neuromasts are aligned properly and fish survives the procedure
2.3
Injecting the paralytic into the zebra fish heart
3.4, 3.5
Calibrating the fluid-jet stimulation
4.11
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? Yes, two locations. One in our main lab and the other is in our microscope room. These rooms are 20 ft apart.___________________________________________________

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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Daria Lukasz: This method can help answer fundamental questions in the field of hearing and balance. It describes how to detect two important aspects of sensory hair-cell function, mechanotransduction and presynaptic activity [1-MED]. 
1.1.1. Interview style
1.2. Katie Kindt: The main advantages of this technique are that it allows us to visualize the function of hair cells in a live animal and to study how collections of hair cells detect and transmit sensory information [1-MED].
1.2.1. Interview style



Protocol: (read by voice talent at JoVE)
2. Immobilizing Larva to Imaging Chamber 
2.1. To begin this procedure, use fine forceps and tungsten wire to fashion the pins to be used to immobilize the larva through the head and tail on the hardened encapsulant [1-LM]. 
2.1.1. 58794_Kindt_58794fig2large.jpg: Video editor, please show B1
2.2. To make head pins, hold a piece of 0.035 mm tungsten wire in one hand. Using fine forceps in the other hand, bend the wire 1 mm up from the end at 90° [1-SCOPE]. Exchange the forceps for fine scissors and cut 1 mm after the bend to create the pin [2-SCOPE]. Then, use forceps to insert the pins into the hardened encapsulant on the chamber [3-SCOPE].
2.2.1. Show that the wire is bent 1 mm up from the end at 90°
2.2.2. Show that 1 mm wire is cut after the bend to create the pin
2.2.3. Show that the pins are inserted into the hardened encapsulant 
2.3. Next, position the larva at the center of the perfusion chamber so it lies flat on its side against the silicone encapsulant [1-SCOPE]. Using fine forceps, bring a 0.035 mm head pin down perpendicular to the larva [2-SCOPE]. Insert the head pin between the eye and otic vesicle and down into the encapsulant [3-SCOPE]. 
2.3.1. Show that the larva is positioned at the center of the perfusion chamber so it lies flat on its side against the silicone encapsulant
2.3.2. Show that a 0.035 mm head pin is brought down perpendicular to the larva 
2.3.3. Show that the head pin is inserted between the eye and otic vesicle and down into the encapsulant 
2.4. Use a second set of forceps to stabilize the larva along its dorsal or ventral side while pinning. Ensure that the horizontal part of the pin contacts the larva and does not press all the way into the encapsulant [1-SCOPE]. 
2.4.1. Show that a second set of forceps is used to stabilize the larva along its dorsal or ventral side while pinning
2.5. Angle the pin ventrally or pointing slightly toward the anterior of the larva to avoid interfering with subsequent heart injection and hair-cell imaging [1-SCOPE]. Using the forceps, insert a 0.025 mm tail pin into the notochord as close as possible to the end of the tail [2-SCOPE].
2.5.1. Show that the pin is pointing slightly toward the anterior of the larva 
2.5.2. Show that a 0.025 mm tail pin is inserted into the notochord

3. Injection of α-Bungarotoxin into the Heart Cavity to Paralyze Larva
3.1. To inject α-bungarotoxin into the larva, backfill 3 µL of the solution into the injection needle using a gel loading pipette tip [1-MED-over the shoudler]. Load the solution evenly to the tip with no bubbles [2-CU]. Then, insert the heart injection needle into a pipette holder attached to a manual micromanipulator [3-CU].
3.1.1. Talent backfills 3 µL of the solution into the injection needle
3.1.2. CU the needle to show that no bubbles in the tip
3.1.3. CU the injection needle as it is inserted into a pipette holder
3.2. Under a stereomicroscope, position the needle so it is aligned perpendicularly to the A-P axis of the anesthetized larva, pointing down at an angle of 30° [1-SCOPE]. Next, connect the pipette holder to the pressure injector [2-MED]. 
3.2.1. Show that the needle is aligned perpendicularly to the A-P axis of the anesthetized larvae, pointing down at an angle of ~30°
3.2.2. Talent connects the pipette holder to the pressure injector

3.3. Inject a bolus of α-bungarotoxin into the solution to test whether the needle tip is clear [1-SCOPE]. If no red color is seen, very gently scrape the needle tip against the edge of a pin and try again until the needle is clear [2-SCOPE]. 
3.3.1. Show that a bolus of α-bungarotoxin is injected into the solution
3.3.2. Show that the needle tip is scraped against the edge of a pin and a small puff of the red solution leaving the tip of the needle
3.4. Subsequently, advance the needle toward the heart until it touches the skin outside of the heart [1-SCOPE]. Press the needle into the larva and look for indentation of the pigment cell on the skin in front of the heart to ensure that needle is positioned in the correct plane relative to the larva [2-SCOPE].
3.4.1. Show that the needle is advanced toward the heart until it touches the skin outside
3.4.2. Show that the needle is pressed into the larva and show an indentation of the pigment cell on the skin in front of the heart
3.5. Then, advance the needle further until it pierces the skin and enters the heart cavity [1-SCOPE]. Pull the needle back slightly and inject a bolus of α-bungarotoxin into the heart cavity [2-SCOPE]. Look for inflation of the heart cavity or for red dye entering the cavity [3-SCOPE].
3.5.1. Show that the needle is advanced until it pierces the skin and enters the heart cavity
3.5.2. Show that the needle is pulled back and a bolus of α-bungarotoxin is injected into the heart cavity
3.5.3. Show that red dye is entering the cavity
3.6. Gently rinse the larva 3 times with 1 mL of neuronal buffer to remove the residual MS-222 [1-MED-over the shoulder]. Never remove all of the fluid. Maintain larva in approximately 1 mL of neuronal buffer in the perfusion chamber [2-CU].
3.6.1. Talent gently rinses the larva 3 times with 1 mL of neuronal buffer to remove the residual MS-222
3.6.2. CU the larva as it is in 1 mL of neuronal buffer in the perfusion chamber

4. Alignment of Larva and Fluid-Jet 
4.1. In this procedure, backfill 10 µL of neuronal buffer into a properly broken fluid-jet needle using a gel loading tip [1-MED-over the shoulder]. Load the solution evenly to the tip without bubbles [2-CU]. Then, insert the needle into the pipette holder attached to the motorized micromanipulator [3-MED].
4.1.1. Talent backfills 10 µL of neuronal buffer into a properly broken fluid-jet needle using a gel loading tip
4.1.2. CU the needle as the solution is evenly loaded to the tip without bubbles
4.1.3. Talent inserts the needle into the pipette holder attached to the motorized micromanipulator
4.2. Place the perfusion chamber into a circular chamber adapter on the microscope stage [1-MED]. Move the motorized stage so that the larva is in the center of the field of view [2-ECU]. Subsequently, turn the circular chamber adaptor so that the A-P axis of the larva is roughly aligned with the trajectory of the fluid-jet needle [3-MED].
4.2.1. *Film as written
4.2.2. Show that the larva is moved to the center of the field of view
4.2.3. Talent 	turns the circular chamber adaptor so that the A-P axis of the larva is roughly aligned with the trajectory of the fluid-jet needle	
4.3. Using transmitted light and differential interference contrast, bring the larva into focus and center it under the 10X objective [1-SCOPE]. Then, raise the 10X objective [2-CU].
4.3.1. Show that the larva is being brought into focus under 10X magnification
4.3.2. CU the objective as it is raised
4.4. Using the motorized micromanipulator, bring the fluid-jet needle down into the center of the field of view so it is illuminated by the transmitted light and barely touching the neuronal buffer [1-ECU]. Next, lower the 10X objective to focus on the larva in order to confirm its location [2-SCOPE].
4.4.1. Show that the fluid-jet needle as it is brought down into the center of the field of view so it is illuminated by the transmitted light and barely touching the neuronal buffer
4.4.2. Show that the objective is lowered and focused on the larva
4.5. Then, focus the objective on the fluid-jet needle [1-SCOPE]. Move the fluid-jet needle with the micromanipulator in the x- and y-axes until it is in a position parallel to the dorsal side of the larva [2-SCOPE]. Afterward, focus back on the larva [3-SCOPE].
4.5.1. Show that the objective is focused to “look for” the fluid-jet needle
4.5.2. Show that the fluid-jet needle is moving around and slowly in a position parallel to the dorsal side of the fish. 
4.5.3. Show that the larva is focused
4.6. Bring the needle down in the z-axis and position the needle along the dorsal side of the fish and 1 mm away from the body [1-SCOPE]. Carefully move the circular chamber adaptor to ensure that the fluid-jet needle is aligned along the A-P midline of the larva [2-SCOPE].
4.6.1. Show that the needle moves down and is positioned along the dorsal side of the fish and 1 mm away from the body
4.6.2. Show that the circular chamber adaptor is moved to ensure that the fluid-jet needle is aligned along the A-P midline of the larva
4.7. Next, switch to the 60X water objective. Ensure that the objective is immersed in the neuronal buffer [1-CU]. Use the fine focus to locate a neuromast. Subsequently, move the motorized stage to place the neuromast of interest in the center of the field of view [2-SCOPE]. 
4.7.1. CU the microscope as it is switched to the 60X water objective and then lowered into the neuronal buffer
4.7.2. Show that the neuromast of interest is being moved to the center of the field of view
4.8. Keep the fluid-jet needle tip along the dorsal side of the fish. Do not touch the fluid-jet needle tip to the larva or the chamber surface [1-SCOPE]. Position the fluid-jet needle with the micromanipulator so that it is 100 µm from the outer edge of the neuromast [2-SCOPE].
4.8.1. Show that the fluid-jet needle tip is kept along the dorsal side of the fish.
4.8.2. Show that the fluid-jet needle is 100 µm from the outer edge of the neuromast
4.9. Then, focus up to the tips of the apical hair-bundles. The bottom of the fluid-jet needle should be in focus in this plane [1-LM]. Set the high-speed pressure clamp from the manual to external mode to receive input from the imaging software [2-MED-over the shoulder].
4.9.1. 58794_Kindt_ 58794fig3large.jpg (A2): Video editor, please show the image and then add the labels (i.e. “neuromast edge”, “kinocilial tips”, etc.)
4.9.2. Talent sets the high-speed pressure clamp from the manual to external mode
4.10. Zero the high-speed pressure clamp by pressing the “zero” button [1-CU]. Use the set-point knob to set the resting pressure slightly positive [2-MED-over the shoulder]. Confirm the resting output of the high-speed pressure clamp using a PSI manometer attached to the head stage output [3-CU]. 
4.10.1. Show that the “zero” button is pressed on a device/controller box. 
4.10.2. Talent sets the resting pressure slightly positive
4.10.3. CU the manometer to show the resting output of the high-speed pressure clamp
4.11. To determine the pressure needed to stimulate the hair bundles, apply a test stimulus with a 0.125 and 0.25 Volt output for 200-500 ms. For each test stimulus, measure the distance of deflection of the tips of the hair bundles, the kinocilia. Choose a pressure that moves the bundles a distance of approximately 5 micrometers. Ensure that the tips of the kinocilia remain in focus the entire time [1-SCREEN].
4.11.1. *To be submitted by authors. Show the voltage and times selected in the Prairieview software

4.11.2. Moved shot: Show the tips of the kinocilia near a 5 µm scale bar. Video editor: Authors moved 4.12 VO and shotlisting to 4.11. Not sure what the actual slating of this was, author notes unclear. 
4.11.3. Moved shot: Show that the voltage is set to 0.25V for 500ms in the Prairieview software and the stimulus is applied. 
4.11.4. Moved shot: Show that the kinocilia move more than 5 µm and do not remain in focus. 
4.11.5. Moved shot: Show that the voltage is set to 0.125V for 500ms in the Prairieview software and the stimulus is applied. 
4.11.6. Moved shot: Show that the kinocilia move 5 µm and remain in focus. 
4.12. Then, for each test stimulus, measure the distance of deflection of the tips of the hair bundles, the kinocilia. Choose a pressure that moves the bundles at a distance of approximately 5 µm [1-SCOPE]. Ensure that the tips of the kinocilia remain in focus the entire time [2-SCOPE].
4.12.1. Show the tips of the kinocilia 
4.12.2. Show using a scale bar that the tips of the kinocilia move 5 µm and remain in focus. 
4.13. If these pressure settings do not provide the desired deflection distance, move the fluid-jet ± 25 µm along the A-P axis of the larva to find a distance and pressure that deflects the tips of kinocilia at 5 µm [1-SCOPE], and focus the sample into the plane of interest, either the hair bundles or base of the cells [2-SCOPE].
4.13.1. Show that fluid-jet is moved along the A-P axis of the larva.
4.13.2. Show that the sample is focused on either the hair bundles or base of cells.

5. Single-plane Imaging Acquisition
5.1. To acquire single-plane images, select a stimulus to deliver during the 80-frame acquisition after frame 30, at 3 seconds [1-SCREEN].
5.1.1. *To be submitted by authors. Show that a stimulus is selected to deliver during the 80-frame acquisition
5.2. To measure mechanosensitive calcium responses, focus on the base of the apical hair bundles [1-SCOPE] and start image acquisition [2-SCREEN].
5.2.1. Show that the base of the apical hair bundles is focused
5.2.2. *To be submitted by authors. Show the start of image acquisition
5.3. To measure presynaptic calcium responses, focus to the base of the hair cells [1-SCOPE] and start image acquisition [2-SCREEN].
5.3.1. Show that the base of the hair cells is focused
5.3.2. *To be submitted by authors. Show the start of image acquisition

6. Results: Spatiotemporal Visualization of Presynaptic GCaMP6s Signals during Fluid-Jet Stimulation 
6.1. The steps to visualize the spatiotemporal changes in GCaMP6s intensity within a neuromast during stimulation are outlined here [1-LM]. Time is represented from left to right according to the time stamp [2-LM]. The top row shows 5 of the 14 temporal bins from a 70-frame GCaMP6s (F) image sequence [3-LM]. 
6.1.1. 58794_Kindt_ 58794fig5large.jpg: Video editor, please show images on the first row
6.1.2. 58794_Kindt_ 58794fig5large.jpg: Video editor, please add the time (text above the images on first row)
6.1.3. 58794_Kindt_ 58794fig5large.jpg: Video editor, please add “stim 2.0-4.9 s” and the gray bar under the text, and add “(F)” on the left
6.2. In the second row, the baseline has been removed from each GCaMP6s (F) binned image to create delta F images [1-LM]. In the third row, delta F images have been converted from grayscale to Red Hot LUT [2-LM]. 
6.2.1. 58794_Kindt_ 58794fig5large.jpg: Video editor, please add images on the second row, and add the label on the left
6.2.2. 58794_Kindt_ 58794fig5large.jpg: Video editor, please add images on the third row, and add the label on the left
6.3. In the bottom row, the third row has been overlaid onto the (F) images in the top row [1-LM]. 
6.3.1. 58794_Kindt_ 58794fig5large.jpg: Video editor, please add images on the forth row, and add the label on the left


7. Conclusion (said by authors on camera)
7.1. Daria Lukasz: While attempting this procedure, it is important to remember to make sure the larva is pinned correctly and to use appropriate controls as described in the manuscript to exclude motion artifacts from your data [1-MED].
7.1.1. Video editor, please show 2.5.1 
7.2. Daria Lukasz: Working with alpha-bungarotoxin can be hazardous. It is important to take precautions such as wearing gloves while handling it [1-MED].
7.2.1. Interview style

   

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.
 2017, Journal of Visualized Experiments

