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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___Y______ If yes, please list make and model of your microscope: __Nikon SMZ 1500_Will use SCREEN or LAB MEDIA for scope shots
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

1. Visualizing the area designated for the stitches to be counted on the zebrafish

2. How the neuromasts are counted in the stitches

3. Seeing what area of the fish to dissect in order to count individual hair cells

4. Knowing the time frame to look for regeneration and what is considered to be a regenerated stitch or not.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Determining if a stitch is considered regenerated or not.  We ensure success by setting a standard of requiring at least three or more neuromasts within a stitch to be visible (at the 2X level) before considering it regenerated. 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative: 
The overall goal of this procedure is to develop a quantitative lateral line regeneration assay that can be applied to an adult zebrafish disease model (Intro).
This is accomplished by first ablating the lateral line of adult zebrafish by treating them for 24 hours with gentamicin (P1, Editor, begin with the fish at the top left then place it into the bowl that says gentamicin).
Next, the gentamicin is washed out and the fish are stained with a vital dye in order to visualize and quantify the lateral line recovery at designated time points (P2, Editor, transfer the fish from the gentamicin into the bowl of fish water then transfer the fish from fish water into the vital dye.) 
Then the neuromasts of the lateral lines on fish or skin preparations are counted using images obtained with a fluorescent or confocal microscope (P3, Editor, remove the fish from the vital dye, adding the green dots as shown on the fish to the left of the large black arrow, then, shrink the fish and place it on the microscope stage as shown).
Finally, the experimental groups are quantitatively compared to the control group using a regenerative neuromast standard curve (P4, Editor, use Figure 3 here).

Ultimately, fluorescent and confocal microscopy is used to monitor the regeneration of the lateral line in adult zebrafish disease models (P5, Editor, transition to Figure 2 here).
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name __Robert Intine_______: We developed this technique to provide a quantitative method to assay neuronal cell regeneration that can be applied to adult zebrafish disease models.   
Protocol (read by voice talent at JoVE):

2. Gentamicin-induced Hair Cell Necrosis and Vital Staining of Hair Cells

2.1. To induce hair cell necrosis, begin by adding a solution of 50 mg/ml of Gentamicin sulfate in fish water to a final concentration of 0.004%.
2.1.1. WIDE Talent at bench weighs dilutes Gentamicin
2.1.2. MED/CU Talent adds Gentamicin to normal saline
2.2. Using a container large enough to house 4-6 month old zebrafish without aeration, fill it with the gentamicin solution, place the fish inside, and incubate them at 280C for 24 hours.
2.2.1. MED Talent adds gentamicin solution to container

2.2.2. MED/CU Talent adds fish to container

2.2.3. MED Talent places fish into incubator; B need another version of placing fish in tank into incubator for 3.2.2 below THE NEW SHOT HAD THE LABEL ON THE FISH WATER TANK CHANGED FROM “0.004% GENTAMICIN” TO “FISH WATER” FOR SHOT 2.2.3 B.
2.3. From a 15 mg/ml working stock solution of the fluorescent vital dye [4-4-diethylaminostyryl)-N-methylpyridinium iodide, or 4-Di-2-Asp, prepare a 0.08% concentration in fish water. 
2.3.1. CU Talent holds a working stock solution of 4-Di-Asp for camera – have it visibly labeled
2.3.2. CU Talent adds 4-Di-Asp to normal saline
2.4. After the 24 hour gentamicin treatment, place each fish in the well of a 6 well culture plate containing the vital dye (TEXT: stagger fish to avoid staining time > 75 min).  
2.4.1. CU Talent places a fish into a well of 6 well plate with vital dye.  Have other fish in wells. 2.4.1/2 ADDED HERE 
2.5. Cover the plates and place them in a bench drawer by the fluorescent microscope for examination of stained neuromasts.  Turn off the lights to prevent quenching of the vital dye and incubate them for one hour.
2.5.1. MED/CU Talent covers plates and places in bench drawer near microscope

2.5.2. MED Talent turns off lights
3. Anesthetizing Fish and Counting Fluorescent Neuromasts 
3.1. Prepare a fish tank with normal fish water for washing out the dye and a second tank of anesthetic water containing a 1:1,000 dilution of 2-phenoxyethanol.  

3.1.1. MED Talent adds normal fish water to a tank and places on bench

3.1.2. MED/CU Talent adds 2-phenoxyethanol to tank of water

3.2. Place the fish in the tank of normal fish water to wash out the dye and then return them to the 280C incubator for 8-16 hours.  

3.2.1. MED/CU Talent places fish in normal fish water to wash out dye

3.2.2. MED Use 2.2.3B here
3.3. At the selected hour, post wash-out of the gentamicin, anesthetize each fish by placing them in anesthetic water and wait until their swimming motion ceases, ~1-2 minutes.

3.3.1. MED Talent places tank of washed out fish on bench

3.3.2. MED/CU Talent places a fish into anesthetic water

3.4. Next, blot each fish on a paper towel and place them on a piece of dampened filter paper centered on the lid of a plastic Petri dish.  

3.4.1. CU Talent places a fish on paper towel and blots 
3.4.2. CU/ECU Talent transfers fish to dampened filter paper centered on lid of plastic Petri dish

3.5. Then place the lid on the stage of a fluorescent stereo microscope and use 2X magnification to capture images for quantitative analysis.  
3.5.1. MED/CU Talent places lid on scope 3.5.1/2 ADDED HERE
3.5.2. LAB MEDIA/SCREEN Talent focuses on fish using 2X magnification 
3.6. To determine the amount of regeneration, count the number of visible neuromasts within the four designated stitches on the bottom-most ventral side of the fish just proximal to the right pectoral fin (Figure 1).   Use the Student’s T-test or ANOVA for statistical analysis and repeat all experiments 3 times with a minimum of 5 fish per experiment.
3.6.1. MED Talent at scope counting neuromasts SEND MID-SECTION IMAGE HERE
3.6.2. LAB MEDIA Figure 1B and then zoomed in with 1E
4. High Resolution Fluorescent Counting of Individual Hair Cells
4.1. If the quantitative analysis at the level of neuromasts is not significant, analysis at the level of the individual hair cell can also be utilized to obtain a higher degree of resolution.  After staining and washing out the fish, use a 1:500 dilution of 2-phenoxyethanol to euthanize them (TEXT: 1-5 minutes).
4.1.1. MED Talent removes tank of washed fish from incubator
4.1.2. MED Talent places fish tank on bench
4.1.3. MED/CU Talent adds fish to 2-phenoxyethanol to fish – show only briefly before they slow down 
4.2. Under subdued light, make an incision across the belly, and make two vertical incisions on each side of the first two incisions.  Then make a square skin flap by making an incision along the upper ribs of the fish until it is aligned with the anal fins.
4.2.1. CU/ECU Talent makes incision along the upper ribs of fish until it is aligned with anal fins 4.2.1 AND 4.2.2 ORDER SHOULD BE SWITCHED
4.2.2. CU/ECU Talent makes incision across belly then makes two incisions on each side of first two incisions
4.3. Place the skin specimen on a glass slide, place agarose on top, and then place a circular glass cover slip over it to help anchor and flatten the tissue for subsequent digital imaging.
4.3.1. CU/ECU Talent places skin specimen on glass slide then place agarose on top
4.3.2. ECU Talent places round glass cover slip over it
4.4. Use a 60X objective to take digital images of the hair cells within each neuromast of the mid body stitches.  Then count the hair cells within individual neuromasts for comparative and quantitative analysis of the control and experimental groups. (Fig 4)
4.4.1. MED OVER SHOULDER Talent at scope taking digital images of hair cells within a neuromast

4.4.2. LAB MEDIA Figure 4 showing fluorescent hair cells
5. Results: Lateral Line Regeneration Assay 

5.1. As seen here (Figure 1A), the zebrafish head has a significantly higher number of neuromasts compared to either the mid-section or tail; with the tail region having the least number of neuromasts as shown in this panel (Figure 1D).  Because the pattern of stitches in the head is complicated and significantly greater in the number of neuromasts, it did not lend itself as a region for quantitative analysis.  In addition, regardless of the gentamicin concentration we tested, complete ablation of neuromasts throughout the head was rarely attainable; leaving spots of neuromasts observed after gentamicin treatment as previously reported.
5.1.1. LAB MEDIA Figure 1A and D
5.2. In contrast, the tail has too few neuromasts, and as such, we selected the mid-body region (Figure 1B) to quantitatively analyze neuromast regeneration in the adult. In this region, we identified four stitches just posterior to the lateral pectoral fin that were consistent in neuromast number among all adults (Figures 1E and 1B).  Importantly, we were able to consistently and completely ablate the neuromasts of this region by a 24 hour 0.004% gentamicin treatment, as previously reported, allowing for a subsequent accurate determination of neuromast regeneration.
5.2.1. LAB MEDIA Figures 1B and E and Figure 2, 0 hr
5.3. As shown in this figure, regeneration was monitored after all neuromasts within the four mid-body stitches were ablated following 24 hour gentamicin-treatment, (Figure 2, compare 0 Hr with control) and positive regeneration was determined by the appearance of a minimum of three neuromasts within a stitch.
5.3.1. LAB MEDIA Figure 2, 0 Hr
5.4. By 8 hours post gentamicin, approximately one third of the fish had some sign of recovery; although as seen here, the intensity of neuromasts was faint in the regenerating stitches (Figure 2, 8 Hr, faint stitches outlined by boxes).  The number of neuromasts and their intensity continued to increase in a linear fashion until regeneration reached a plateau at 16 hours post gentamicin (compare Figure 2, 16 Hr with Figure 2, 8 Hr).
5.4.1. LAB MEDIA Figure 2, 8 Hr and 16 Hr
5.5. If the results obtained from the neuromast analysis are not statistically significant between the control and experimental groups, one may extend these studies to the level of the individual hair cells to obtain a higher degree of resolution for quantitative comparisons.  At 8 hrs, 10 hrs, and 12 hrs of regeneration time, we found that control groups had a range of 0-4 hair cells per neuromast in the mid body region.  As expected for control groups, when quantitatively analyzed, no statistical difference between neuromasts was detected in terms of the number of hair cells per neuromast at these time points.
5.5.1. LAB MEDIA Figure 4
6. Conclusion (said by authors on camera)
6.1 Author name  Gina: While attempting this procedure, it’s important to remember to always be conscious of time.  Do not leave fish in gentamicin greater than 24h or vital dye stains greater than 75 min

6.2 Author name  Gina: After its development, this technique paved the way for researchers in the field of regenerative medicine to explore and compare lateral line regeneration in a disease state to the normal state in the zebrafish model.
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, 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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


