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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 SMZ645, Nikon SMZ1000
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? 3.2, 3.3, 3.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  dissection of the kidney which is improved with practice and super-fine forceps
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
 Conceptual Narrative:
The overall goal of the following experiment is to assess nephron segment composition and functionality in the adult zebrafish kidney. (Intro)
This is accomplished by first injecting fluorescently labeled dextran into an anesthetized zebrafish. (P1)
The second step is to remove and fix the kidney to prepare tissue for subsequent labeling methods. (P2)
Next, the kidney is bleached to remove pigmentation, and then stained to fluorescently label the desired nephron segments. (P3)
Results are obtained using immunofluorescence microscopy and/or brightfield imaging that enable visualization of kidney anatomy based on the selected stain or stains. (P4)
P1: LAB MEDIA: 51644 conceptual overview.jpg, P1, begin with the fish on the right, flip the belly up and insert a syringe into the belly.  Label the syringe “Dextran-FITC”
P2: LAB MEDIA: 51644 conceptual overview.jpg, P2, “remove” the kidney from the fish
P3: LAB MEDIA: 51644 conceptual overview.jpg, P3, start with the image on the far left and then add the rest in sequence with labels

P4: LAB MEDIA: 51644 conceptual overview.jpg, P4, start with the image on the far left and then add the rest in sequence with labels
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Kristen McCampbell: The following labeling methods can help answer key questions in the kidney field regarding organ anatomy, and can be used to study nephron composition and evaluate renal functionality both before and after an injury event.

1.2. Kristin Springer: The implications of these techniques extend toward the study of genetic anomalies in adult kidney formation, and could also be applied to assess renal status during chronic disease modeling.

Protocol (read by voice talent at JoVE):

2. Dextran Injection 

2.1. To begin, decant the solution from an anesthetized fish and carefully place the animal on a wet sponge mold, ventral side up.
2.1.1. MED: Talent retrieves fish from solution. Text overlay (0.02% Tricaine)
2.1.2. CU: Talent removes solution from anesthetized fish

2.1.3. CU: Talent places fish on mold
2.2. Next, fill an insulin syringe with 20 μl of thawed dextran stock solution. 
2.2.1. MED: Talent fills syringe

2.3. Place the needle so that insertion occurs at a shallow angle at the ventral midline of the abdomen.  To avoid injecting the organs, slightly raise the needle just after injecting to lift the body wall and create a space in which to inject the solution. 
2.3.1. CU: Talent holds the needle at the correct position and angle for insertion

2.3.2. CU: Talent inserts the needle and then slightly raises it to create a space before injecting
2.4. After the injection, gently return the fish to the tank to recover from anesthesia. 
2.4.1. MED: Talent returns fish to tank
3. Dissection and Mounting in Unfixed Samples
3.1. To begin, decant away any extra solution from an anesthetized fish and place it on a tissue or paper towel.
3.1.1. MED: Talent places euthanized fish on paper towel. Text Overlay (0.2% Tricaine)  

3.2. After removing the head and internal organs, use super-fine dissection needles to pin open the body walls.  Locate the kidney organ which is adherent to the dorsal wall of the animal.
3.2.1. SCOPE: Talent pins open body walls [Take 2 ECU alternative shot]
3.2.2. SCOPE: Talent locates the kidney
3.3. Use fine forceps to detach the kidney from the dorsal wall. Gently place the kidney into a 5 ml glass vial containing 1X PBS and wash 3 times for 5 minutes each. 
3.3.1. SCOPE: Talent detaches kidney [Take 2 alternative option] 
3.3.2. MED: Talent places kidney in vial [Take 2 alternative option]
3.4. Remove the kidney with a transfer pipette and place it onto a clean glass slide with 1-2 drops of 1X PBS.
3.4.1. MED: Talent places kidney on glass slide 
3.5. Use fine forceps to flatten the kidney on the slide, making sure no tissue has curled or otherwise overturned on itself. A tungsten wire tool can be used to make small incisions in the connective tissue to facilitate the flat positioning of the kidney.
3.5.1. SCOPE: Talent flattens tissue with forceps [Take 2 best]
3.5.2. SCOPE: Talent uses tungsten wire to make small incisions and flatten the kidney
3.6. Next, place small pieces of modeling clay on each corner of an 18 x 18 mm glass coverslip. Slowly set the coverslip onto the kidney, keeping a slight angle to minimize trapping air bubbles. Add an additional drop of 1X PBS to fill the space between the coverslip and slide if necessary.
3.6.1. MED: Talent places modeling clay on coverslip [Take 2 best]
3.6.2. CU: Talent places coverslip, emphasize the angle of approach

3.6.3. CU: Talent adds additional PBS

4. Fixation and Pigmentation Removal

4.1. A separate group of zebrafish are euthanized and soaked in fixative overnight.   When ready, use fine forceps to carefully detach the kidney from the dorsal body wall and place the organ into a glass vial.
4.1.1. MED: Talent removes fish from fixative

4.1.2. SCOPE: Talent removes kidney
4.2. Wash the dissected kidney 3 times with 3-5 mls of 1X PBS with 0.05 % Tween for 5 minutes each.
4.2.1. MED: Talent washes kidney [Multiple washes filmed in one take]
4.3. Next, remove the PBS solution and rinse the kidney with 3 mls of a 5% sucrose solution for 30 minutes.
4.3.1. MED: Talent removes PBS and adds sucrose
4.4. After this time, replace the solution with 3 mls of 30 % sucrose and store overnight at 4 oC. 
4.4.1. MED: Talent places vial at 4C 

4.5. The following day, remove the solution and wash the kidney 2 times before adding 3-5 mls of bleaching solution to remove the melanocyte pigmentation present on the kidney organ. 
4.5.1. MED: Talent washes kidney
4.5.2. [combined with 4.5.1] MED: Talent adds bleaching solution
4.6. Place the glass vial on a rotator and watch carefully as the pigmentation disappears. Depigmentation typically takes approximately 20 minutes, but occasionally can take as long as 60 minutes. If the bleaching solution is left on too long, disintegration can occur and it is advised to monitor the sample every 10-15 minutes to check tissue integrity.
4.6.1. MED: Talent places vial on rotator
4.6.2. CU: Shot of vial during depigmentation
4.6.3. MED: Talent re-enters room to check on the kidney
4.7. When the pigmentation has been removed from the kidney, wash twice and incubate with 4% PFA solution for 1 hour at room temperature. 
4.7.1. CU: Shot of the kidney with pigment removed

4.7.2. MED: Talent adds PFA
4.8. Next, remove the 4% PFA solution and wash the kidney 3 times. 
4.8.1. MED: Talent washes kidney
4.9. After the last wash, add 3-5 mls of blocking solution and incubate the kidney at room temperature for 2 hours. 
4.9.1. MED: Talent adds blocking solution

4.9.2. MED: Talent places sample in incubator
4.10. When blocking is complete, proceed directly to the selected staining protocol.
4.10.1. MED: Talent returns to bench with samples 

5. Labeling with Alkaline Phosphatase 

5.1. Remove the blocking solution and wash the kidney 3 times before letting the kidney soak in 1X PBS for at least 10 minutes. During this time, transfer the kidney to a 12-well or 24-well culture dish.
5.1.1. MED: Talent removes the blocking solution

5.1.2. MED: Talent washes kidney
5.1.3. CU: Talent transfers samples to a 12 or 24 well dish [Last attempt best]
5.2. Replace the 1X PBS with the sufficient working alkaline phosphatase substrate solution to cover the sample, and place the sample on a rotator for 30 minutes at room temperature.
5.2.1. MED: Talent adds alkaline phosphatase solution to sample and covers [Take 2 best]
5.2.2. MED: Talent places dish on rotator
5.3. After this time, stop the reaction by washing the kidney in alkaline phosphatase wash buffer solution. 
5.3.1. MED: Talent adds alkaline phosphatase wash buffer solution [use end of Take 2]
5.4. Rinse the kidney with 3 changes of wash buffer solution over 10-15 minutes.
5.4.1. MED: Talent washes kidney
5.5. Next, remove the wash buffer solution and mount the kidney onto a clean glass slide in the phosphatase mounting medium included in the labeling kit.
5.5.1. CU: Talent mounts kidney
5.6. Visualize the alkaline phosphatase stained kidney using a stereomicroscope or compound microscope with a Hoechst/DAPI filter set. 
5.6.1. MED: Talent sits at scope. Multiple takes/angles, repeated [first shot labeled 5.6.2 (which will be the second 5.6.2 shot on card) but 5.6.1 also filmed and labeled properly]
5.6.2. SCOPE: Example of a stained kidney [Also filmed shot]
6. DBA Staining

6.1. First, prepare a 200 (l working DBA solution by diluting DBA in 1X PBS. 
6.1.1. MED: Talent prepares the DBA solution.  Text overlay (2 mg/ml, 1:100)

6.2. Replace the PBS solution with 200 (ls of DBA solution and place the sample on a rotator for 1 hour at room temperature.
6.2.1. MED: Talent places samples on rotator [Take 2 no good]
6.3. After this time, remove the DBA solution and wash the kidney 3 times with 3-5 mls of 1X PBS for 5 minutes each. 
6.3.1. MED: Talent washes kidney [Take 3 best]
6.4. Remove the 1X PBS and mount the kidney on a clean glass slide as demonstrated earlier. 
6.4.1. CU: Talent mounts slide
6.5. Visualize the DBA-stained distal segments of the kidney using a standard TRITC or Texas red filter set on a fluorescent stereomicroscope or compound microscope. 
6.5.1. Reuse 5.6.1 Shot filmed for this
6.5.2. SCOPE: Example of DBA stained segments [Also filmed shot]
7. Results: Proximal Convoluted Tubule (PCT) Visualization
7.1. In this Brightfield image of an unbleached kidney, the black pigmentation corresponds to the scattered population of melanocytes (7.1.1).  Here, nephron PCT segments are visualized 3 days following dextran injection. The inset contains an image of a single nephron with melanocytes (7.1.2). This image shows an adult kidney after removal of melanocyte pigmentation (7.1.3).  These representative images depict slight morphological variations between PCT segments. While many nephron PCTs are tightly coiled (7.1.4), other nephrons contain PCT regions that have minimal coiling (7.1.5) 
7.1.1. LAB MEDIA: 51644_Wingert_Fig3B.tif, add in arrow and label in melanocytes
7.1.2. LAB MEDIA: 51644_Wingert_Fig3C.tif, add in arrow with “PCT” label and then pan over to the inset and add the arrow
7.1.3. LAB MEDIA: 51644_Wingert_Fig3D.tif, panel D
7.1.4. LAB MEDIA: 51644_Wingert_Fig3D.tif, panel D’

7.1.5. LAB MEDIA: 51644_Wingert_Fig3D.tif, panel D’’
7.2. Dextran cascade blue, dextran lucifer yellow, and dextran fluoro-ruby all preferentially label the PCT segments in renal nephrons (7.2.1). Both dextran cascade blue and lucifer yellow show some non-specific labeling, with much higher background observed in lucifer yellow-treated kidneys. In contrast, dextran fluoro-ruby showed dramatically reduced background with intense PCT labeling. 
7.2.1. LAB MEDIA: 51644_Wingert_Fig4AA’.tif, 51644_Wingert_Fig4BB’.tif, 51644_Wingert_Fig4CC’.tif, bring each labeled panel as mentioned
7.2.2. LAB MEDIA: compare 51644_Wingert_Fig4AA’.tif to 51644_Wingert_Fig4BB’.tif
7.2.3. LAB MEDIA: focus on 51644_Wingert_Fig4CC’.tif
7.3. An adult kidney stained by WISH to detect a specific marker of the PCT transporter cell type shows an expression pattern characteristic of dextran uptake, with a distribution of various tightly coiled/looped PCT domains as well as more elongated PCT stretches that show a consistent wide diameter.
7.3.1. LAB MEDIA: 51644_Wingert_Fig4DD’.tif, bring in one panel at a time and then highlight or circle the loop where the arrow is pointing
8. Conclusion (said by authors on camera)

8.1. Kristen McCampbell: After watching this video, you should have a good understanding of how to successfully label nephron segments within the adult zebrafish kidney, such as the proximal tubule with alkaline phosphatase and the distal tubule with DBA.

8.2. Kristin Springer: Don’t forget that working with 4% paraformaldehyde can be extremely hazardous and precautions such as wearing a coat, gloves and eyewear should always be taken while performing this procedure.

Provided Media

Authors, please list all additional* 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.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

Insert your media filenames here.

51644_Wingert_Fig3B.tif

51644_Wingert_Fig3C.tif

51644_Wingert_Fig3D.tif

51644_Wingert_Fig4AA’.tif

51644_Wingert_Fig4BB’.tif

51644_Wingert_Fig4CC’.tif

51644_Wingert_Fig4DD’.tif

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.
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