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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 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.
*Note: Authors indicated that they will be able to prepare screen captures for Steps 4.3-11.
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.) _ protocol does contain highlighting: I would think that 3.9-3.11 when solutions are changed and samples wrapped in aluminum foil (dark)_____
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.) _ Identifying the correct fixative is the most important part, but this cannot be filmed.  Mounting embryos in slides is probably the most difficult (4.1)_

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? __

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 immunolocalize proteins that are activated in the zebrafish embryo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Sarah Rothschild: This method can help answer key questions in the developmental and cellular biology field, such as the localization and activation of phosphorylated proteins in a whole embryo. 

1.2. Sarah Rothschild: The main advantage of this technique is that one can localize Ca2++  dependent signaling in a whole embryo by immunostaining proteins activated by Ca2++. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving zebrafish have been approved by the Institutional Animal Care and Use Committee (IACUC) at Virginia Commonwealth University.
Protocol (read by voice talent at JoVE):

2. Embryo Fixation
2.1. After obtaining wild type or transgenic embryos according to the text protocol [2.1.1-WIDE/MED-TXT], add 0.003% PTU to the embryos in system water to block pigmentation [2.1.2-CU] and incubate to the desired developmental stage [2.1.3-WIDE/MED].

2.1.1. Talent in fish room collecting embryos and transferring into plate (TEXT: e.g., β-actin:CAAX-GFP)
2.1.2. Talent adds PTU to embryos in plate of fish water

2.1.3. Talent places embryos into incubator
2.2. When the embryos have reached the correct stage, add MESAB to the dish to anesthetize the fish. Once fish are anesthetized, remove as much system water as possible, then add fresh 4% PFA/PBS [2.2.1-CU] and incubate at room temperature for 3-4 hours [2.2.2-MED-TXT].
2.2.1. Talent finishes removing system water and then adds PFA/PBS

2.2.2. Talent closes plate/tube and walks away (TEXT: refer to text protocol for dechorionation)
2.3. After the incubation, remove the PFA and use 100% methanol to replace it [2.3.1-CU].  Then store the embryos at -20 degrees C for at least 48 hours [2.3.2-WIDE].

2.3.1. Talent finishes removing PFA and adds 100% methanol

2.3.2. Talent places embryos into freezer
3. Immunostaining Whole Embryos
3.1. To carry out immunostaining, place a minimum of 10 embryos for each experimental condition in labeled 1.5 ml microcentrifuge tubes [3.1.1-CU/ECU].

3.1.1. Talent adds embryos to a microfuge tube
3.2. When the embryos have settled to the bottom of the tube, remove and discard the methanol [3.2.1-CU/ECU] and use progressive washes of decreasing concentrations of ethanol in PBTx to rehydrate the embryos [3.2.2-CU-TXT].
3.2.1. Talent removes methanol from a tube of embryos
3.2.2. Talent pipettes up 66% ethanol in PBTx and adds to embryos (TEXT: 66% ethanol/33% PBTx, 33% ethanol/66% PBTx, 100% PBTx, 100% PBTx (3X))
3.3. Remove the last PBTx wash and add 0.5 ml of 10% normal goat serum, or NGS in PBTx [3.3.1-CU].  Then incubate at room temperature for at least one hour with gentle rocking [3.3.2-MED].

3.3.1. Film as written

3.3.2. Talent places tubes on rocker; B need another version for 3.4.2 below; C need another version for 3.5.2 below; D need another version for 3.7.1 below with lights dimmed; need another version for 3.9.2 here 

3.4. Next, remove the solution and add 0.2 – 0.5 ml of a 1:500 dilution of mouse anti-acetylated tubulin monoclonal antibody in 10% NGS/PBTx [3.4.1-CU].  Incubate the embryos with gentle rocking at room temperature overnight [3.4.2-MED].
3.4.1. Film as written

3.4.2. Use 3.3.2B here

3.5. In the morning, remove and discard the antibody and perform three washes using 0.5 ml of 2% NGS/PBTx [3.5.1-CU] with gentle rocking for 5 minutes each [3.5.2-MED].

3.5.1. Talent finishes removing antibody and adds 2% NGS/PBTx

3.5.2. Use 3.3.2C here

3.6. Dim the overhead lights [3.6.1-MED] and add 500 ul to each sample of a 1:500 dilution of fluorescently conjugated secondary antibody in 10% NGS/PBTx [3.6.2-CU-TXT].
3.6.1. Film as written

3.6.2. Film as written (TEXT: use goat anti-mouse IgG for mouse anti-acetylated tubulin Ab).

3.7. Incubate in the dark at room temperature for 4 hours with gentle rocking [3.7.1-MED-TXT].
3.7.1. Use 3.3.2D here (TEXT: carry out subsequent steps in dark or under dimmed lights).

3.8. After the incubation, wash the embryos three times [3.8.1-CU-TXT].
3.8.1. Talent adds a wash to the embryos (TEXT: 0.5 ml of 2% NGS/PBTx).

3.9. To co-immunostain, add a 1:20 dilution of anti-phospho CaMK-II antibody [3.9.1-CU-TXT]. Incubate in the dark [3.9.2-CU], with gentle rocking overnight [3.9.3-MED].

3.9.1. Film as written (TEXT: 15 µl Ab in 300 µl 10% NGS/PBTx per sample)

3.9.2. Talent wraps sample in foil

3.9.3. Use 3.3.2E here

3.10. The next morning, after washing the embryos with 2% NGS/PBTx three times, add a 1:500 dilution of red (568) fluorescent conjugated goat anti-rabbit IgG in 10% NGS/PBTx [3.10.1-CU].  

3.10.1. Talent adds orange red (568) fluorescent antibody

3.11. After incubating in the dark at room temperature for 4 hours [3.11.1-MED], wash the embryos three times [3.11.2-CU] and store in PBTx or 50% glycerol in PBS, depending on the imaging procedure [3.11.3-CU].
3.11.1. Talent removes samples covered in foil from rocker

3.11.2. Talent adds wash buffer to samples

3.11.3. Talent adds glycerol/PBS to samples

4. Confocal Imaging and Processing

4.1. To mount embryos for imaging, place 1-5 embryos on a glass slide [4.1.1-ECU].  Use four #1 stacked coverslip fragments on either side of the fish to create a chamber and place a coverslip on top [4.1.2-ECU]. 
4.1.1. Talent mounts embryos on slide

4.1.2. Shot of slide with coverslip fragments on either side of embryos and talent adds coverslip
4.2. With a 100X oil immersion lens and transmitted light [4.2.1-MED/CU], bring a single embryo into focus [4.2.2-LM].  Turn off the light [4.2.3-WIDE/MED], turn on the confocal microscope with the appropriate lasers [4.2.4-MED] and engage the remote focus [4.2.5-MED/CU]. 

4.2.1.  Talent at microscope looking through eyepieces with 100x objective engaged and transmitted light

4.2.2. Image of single embryo at 100X magnification (or Figure 1 without arrowhead?)

4.2.3. Talent turns off light

4.2.4. Talent turns on the confocal with appropriate lasers

4.2.5. Talent engages remote focus
4.3. Open the confocal program and in the ‘Acquire bar,’ select the proper objective [4.3.1-SCREEN/LM].  Then in the ‘XY Basic’ bar, click on the 1024 button to set the image size [4.3.2-SCREEN/LM].
4.3.1. Record as written

4.3.2. Record as written

4.4. In the ‘Laser and Detector’ bar, click on the red 488 and the green 568 boxes to turn on the laser detector for each channel and set the pinhole to medium [4.4.1-SCREEN/LM].  Then in the ‘Gain’ bar, adjust the gain for each channel to visualize it [4.4.2-SCREEN/LM].
4.4.1. Record as written

4.4.2. Record as written

4.5. Next, in the ‘Acquire Settings’ bar, click ‘Live’ to begin acquiring images [4.5.1-SCREEN/LM].  In the ‘View Settings’ bar, uncheck the ‘Force Integral Zoom’ box to center in the ‘Live’ window [4.5.2-SCREEN/LM].
4.5.1. Record as written

4.5.2. Record as written

4.6. In the ‘Acquire Settings’ bar, under the ‘Z’ tab, step through the layers of the image [4.6.1-SCREEN/LM].  After selecting the number of layers to incorporate into the image, move to some point in the center of the z-plane [4.6.2-SCREEN/LM].

4.6.1. Record as written

4.6.2. Record as written

4.7. Under the ‘Z’ tab, click the small red ‘Reference’ box.  This will zero the RFA at the point chosen as the center [4.7.1-SCREEN/LM].  In the box labeled ‘Step Size,’ select the thickness of the layers.  Pay attention to the ‘File Size’ box and try to limit files to 1 GB [4.7.2-SCREEN/LM-TXT].
4.7.1. Record as written – RFA is zeroed

4.7.2. Record as written, Editor, point out the file size when mentioned (TEXT: 0.25 (m - 2.0 (m is ideal)

4.8. To find the top extreme of the image, click the circle next to ‘Top’ and move through the z layers [4.8.1-SCREEN/LM].  Now click the circle next to ‘Bottom’ and the computer will take the image back to the layer as center [4.8.2-SCREEN/LM-TXT]. 

4.8.1. Record as written

4.8.2. Record as written (TEXT: find bottom extreme of image)

4.9. Then in the ‘Acquire Settings’ box, click on ‘Live’ again to stop the laser acquisition.  In this panel, click the red boxes labeled Average and Z-stack.  These boxes will turn green [4.9.1-SCREEN/LM]. 

4.9.1. Record as written

4.10. In the ‘Acquire Settings’ box, click ‘Single’ to acquire the entire series of images [4.10.1-SCREEN/LM].  Monitor the progress as it scans in both channels and through the entire z-stack [4.10.2-SCREEN/LM].
4.10.1. Record as written

4.10.2. Record as written

4.11. To save, click on the volume window and click ‘save as’ and name the file [4.11.1-SCREEN/LM-TXT].  To volume render the file, while the z-stack is still open, select the Data pull down menu and click on ‘volume render.’  Save the rendered file as a .tif file [4.11.2-SCREEN/LM].
4.11.1. Record as written (TEXT:  Save as ‘.ids’ file)

4.11.2. Record as written 
5. Results: Immunofluorescence of Phospho-epitopes in Whole Mount Zebrafish Ciliated Organs 
5.1. This figure shows immunostaining for P-CaMK-II and acetylated tubulin, which is a standard marker for cilia in the zebrafish Kupffer’s vesicle, or KV [5.1.1-LM].

5.1.1. LAB MEDIA Figure 1, Editor, for P-CaMK-II, point out the red staining in C and for acetylated tubulin, point out the green lines in C.
5.2. Beating primary cilia generate a circular flow of fluid, which leads to an elevation of Ca2+ in the ciliated cells lining the KV and the activation of CaMK-II in discrete locations as seen here [5.2.1-LM].
5.2.1. LAB MEDIA Figure 1, for beating primary cilia, point out the green lines in D and for activation of CaMKII, point out some of the dark red spots in D.
5.3. These figures show P-CaMK-II as it appears on the apical surface of ciliated cells lining specific regions of the pronephric ducts between 24 and 72 hours post fertilization, or hpf [5.3.1-LM].
5.3.1. LAB MEDIA Figure 2 and 3, Editor, place figure 3 underneath Figure 2.  If necessary, eliminate the panels of the fish with the black boxes from each figure to make more room to enlarge the panels.  Point out the red ‘lines’ of P-CaMK-II in the center panels from each figure when it is mentioned.
5.4. At one day of development, the zebrafish embryonic ear fixed with PFA/methanol retains its structures and allows the detection of CaMK-II staining at the base and along the length of the kinocilium [5.4.1-LM].

5.4.1. LAB MEDIA Figure 4, Editor, for ‘the detection of CaMK-II staining at the base and along the length of the kinocilium,’ point out the two red blobs and the faint red lines reaching up from them in the center panel. 

5.5. At 72 hpf, the inner ear was counterstained with Alexa 488 phalloidin and anti-acetylated tubulin with Alexa 568.  The PFA/methanol fixation preserved both F-actin and tubulin [5.5.1-LM].

5.5.1. LAB MEDIA Figure 5, Editor, point out the bright green fluorescent signals, especially at the base of some of the red lines in the bottom right panel when Alexa 488 phalloidin is mentioned.  For the anti-acetylated tubulin and Alexa 568, point out some of the red hair-like structures.

5.6. This 30 hpf fish expressed a membrane-targeted GFP, which would be lost with methanol fixation.  PFA fixation resulted in a diminished P-CaMK-II signal compared to fixation with PFA and methanol, however at this stage of development, the signal is strong enough to be detected without methanol [5.6.1-LM].
5.6.1. LAB MEDIA Figure 6, Editor, for the ‘diminished P-CaMK-II signal,’ point out the red lines forming a tube in the center of the green.
6. Conclusion (said by authors on camera)
6.1. Sarah Rothschild: Once mastered, this technique can be done in two days if it is performed properly.

6.2. Author Name: While attempting this procedure, it’s important to remember to use fresh embryos and fresh reagents.

6.3. Sarah Rothschild: After watching this video, you should have a good understanding of how to localize phosphoproteins in zebrafish embryos.
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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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