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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  

Can you record movies/images using your own microscope camera? (Y/N)_____Y____  

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: 

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 

Authors: please provide answers to C and D below for the videographer.

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.) _

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N)   Y   If yes, how far apart are the locations? All in the same building but different floors.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of these labeling procedures is to image and quantify stable, dynamic and nascent microtubules in the developing zebrafish embryo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Eudorah Vital: This method can help answer key questions in the field of developmental neurobiology, such as how microtubules contribute to the establishment of cell polarity. 
1.2. Jonathan Werner: The main advantage of this technique is that it optimizes the detection and quantification of distinct microtubule populations in situ.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Rachel Brewster: Though this method can provide insight into microtubules in developing zebrafish embryos, it can also be applied to other model organisms across a range of developmental stages.
1.4. Sharlene Brown: Generally, individuals new to this method will struggle because of the difficulties in maintaining microtubule integrity.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects follow the University of Maryland Baltimore County animal care guidelines.
Protocol: (read by voice talent at JoVE)  
2. Fixation of Staged Embryos
2.1. After dechorionating staged zebrafish embryos according to the text protocol [1-WIDE/MED], transfer the fish to 1.5 ml centrifuge tubes, removing as much medium as possible [2-CU].
2.1.1. Talent sitting at dissecting microscope looking under scope and using tweezers to remove chorions

2.1.2. Talent transfers fish into 1.5 ml tubes and removes excess medium
2.2. Add 1 ml of 4% PFA in microtubule assembly buffer, or MAB [1-CU] and fix the embryos at 28.5 (C for 5 minutes [2-WIDE].  Then use a pipette to aspirate the fixative and replace it with 1 ml of fresh fixative [3-CU].  Incubate the samples on a rocker at room temperature for 3 hours [4-MED].
2.2.1. Talent adds PFA in MAB to samples

2.2.2. Talent places samples at 28.5 (C   

2.2.3. Talent uses a pipette to aspirate fixative and adds fresh fixative

2.2.4. Talent places samples on rocker
2.3. Aspirate the fixative and add 1 ml of TBS-NP40 buffer [1-CU].  Gently agitate the embryos on a rocker for 5 minutes [2-MED].  Repeat the wash two more times [3-MED].  Then, after replacing the buffer with 1 ml of fresh TBS-NP40, store the embryos at 4 (C for no more than 7 days [4-WIDE].
2.3.1. Talent finishes removing the fixative and adds TBS-NP40

2.3.2. Talent places embryos on rocker

2.3.3. Talent finishes adding buffer to a tube and places it on rocker

2.3.4. Talent places samples in fridge
3. Sectioning for Immunolabeling
3.1. After deyolking and embedding embryos in agarose according to the text protocol [1-CU], with the sectioning dish filled with TBS-NP40, use a vibratome to generate 40 (m sections of the tallest axis of the agarose embedded embryos [2-CU/ECU]. 
3.1.1. Talent places block of embedded embryos on bench for camera
3.1.2. Talent cuts sections on longest axis of embedded embryos
3.2. Use fine forceps to transfer sections of interest to 500 (L of TBS-NP40 in a 24-well plate [1-CU].  Remove the buffer and add 500 µL of blocking solution [2-CU]. Then rock the sections at room temperature for at least 1 hour [3-MED-TXT].
3.2.1. Talent transfers a section to a well of TBS-NP40 

3.2.2. Talent removes buffer from wells and adds blocking solution 

3.2.3. Talent rocks sections at RT for at least 1 hour; Videographer, there will be several shots of placing plate on rocker either at RT or at 4 (C below, try to get different angles (TEXT: Refer to text protocol for additional details)
3.3. Replace the blocking solution with 300 (L of primary antibodies diluted in blocking buffer [1-CU] and incubate the samples on a rocker at 4 (C for 36 - 72 hours [2-MED].  Use 600 (L of TBS-NP40 to wash the samples twice [3-CU], placing them on a rocker at room temperature for 30 minutes each [4-MED/CU]. 
3.3.1. Talent replaces blocking solution with primary antibodies 

3.3.2. Talent places samples on rocker at 4 (C 
3.3.3. Talent adds TBS-NP40 to samples; Videographer, there will be several shots of adding this buffer to the plate below so try to get different angles.
3.3.4. Talent places samples on rocker at RT

3.4. Add 300 (L of fluorophore-conjugated secondary antibodies diluted in blocking buffer to the sections [1-CU] and incubate them in the dark on a rocker at 4 (C for 16-24 hours [2-MED].  Then wash the samples twice as just demonstrated [3-MED-TXT].
3.4.1. Talent adds fluorophore-conjugated secondary antibodies to samples

3.4.2. Talent places covered samples in dark on rocker at 4 (C

3.4.3. Talent finishes adding TBS-NP40 to samples, covers and places on rocker (TEXT: 600 (L TBS-NP40, 30 minutes on rocker, 2x)
3.5. Next, add 500 (L of DAPI solution to the embryos and incubate them at room temperature for 30 minutes [1-CU].  Then use TBS-NP40 to wash the samples three times at room temperature for 5 minutes [2-MED].
3.5.1. Talent finishes adding DAPI, covers plate and places on rocker

3.5.2. Talent adds TBS-NP40 to samples
3.6. Following the washes, place a drop of mounting medium with anti-fade agent on the center of a dust-free slide [1-CU/ECU]. Use fine forceps to transfer sections to the mounting medium droplet.  Then place a dust-free coverslip on top of the sample [2-CU]. Store slides wrapped in foil in a dry, dark, and cool place until imaging is performed [3-WIDE/MED].
3.6.1. Talent places mounting medium on slide

3.6.2. Talent transfers section to mounting medium drop and adds coverslip

3.6.3. Talent stores wrapped slides in cool dark place
4. Confocal Imaging (Authors to provide screen capture files for sections 4 and 5)
4.1. Using the details outlined in the text protocol, capture Z-stack confocal images with channel settings for the selected secondary antibody fluorophores and save the image files [1-SCREEN/LM]. 
4.1.1. Talent has fluorescent z-stack on screen then saves image file 
4.2. With 3-D analysis software such as ImageJ, open the data file copy.  Create a merged image by overlaying the channels of interest by selecting Image/Color/Merge Channels.  Select the 594 nm, 488 nm, and DAPI channels to be false colored red, green, and blue, respectively.  Check ‘Create composite’ and select ‘OK’ [1-SCREEN/LM].
4.2.1. Talent opens data file copy then selects Image/Color/Split Channels/Merge – in the video footage for splitting channels was added as this is a necessary step before merge - channels to overlay channels then selects channels to be falsely colored.  Talent then checks ‘create composite and selects ‘OK.’
4.3. Visualize the merged Z-stack as a single 2-D image by performing a maximum intensity projection of the Z-stack using "Images/Stack/Z-project.” Enter the starting and ending positions of the inner best Z-planes as the “Start slice” and “Stop slice,” respectively. Select “Max intensity” as the projection type and click “OK” [1-SCREEN/LM].
4.3.1. Talent selects Images/Stack/Z-project to visualize a z-stack.  Talent enters Start slice” and “Stop slice” then selects ‘Max intensity’ and clicks OK.

5. MT Labeling

5.1. In the 3-D analysis software, select ‘Create Library’ and provide a descriptive name for the image library.  Click ‘Create’ and drag raw image files into the library [1-SCREEN/LM]. 
5.1.1. Talent selects ‘Create library’ in 3-D analysis software and adds name for library, then clicks ‘create’ and drags raw image into library – NOTE: the screen capture does not include dragging files
5.2. Next, select a file to analyze.  Then from the ‘View’ menu, choose ‘extended focus’ to display the channel-merged image in the main window [1-SCREEN/LM].

5.2.1. Talent selects file to analyze then chooses ‘extended focus’ from to display channel-merged image in main window
5.3. Select the “Freehand ROI” tool and outline the region of interest to be analyzed. Select the “Actions” tab followed by “Crop to Selection” to crop the image. Then save the cropped image file under a new name [1-SCREEN/LM].
5.3.1. Talent selects “Freehand ROI” tool and outlines ROI.  Then talent selects ‘actions’ tab then “Crop to Selection” to crop the image before saving file under a new name. – NOTE: the screen capture does not include save under new file name
5.4. Next, click the “Measurements” tab to create the protocol for filtering specific objects relevant to the 3-D analysis.  Then drag “Find Objects” to the protocol window and rename the first protocol “DAPI” [1-SCREEN/LM].
5.4.1. Talent clicks “Measurements” tab to create protocol then drags ‘Find objects’ to the protocol window and renames first protocol DAPI.
5.5. Select the beta-tubulin channel in the dropdown menu. Then drag the following settings to the beta-tubulin protocol and place them below “Find Objects” in the following order: “Fill Holes in Objects”; “Separate Touching Objects”; “Exclude Objects by Size”; and “Exclude Not Touching ROIs” [1-SCREEN/LM-TXT].
5.5.1. Talent selects beta-tubulin channel in dropdown menu then drags settings to DAPI protocol below Find Objects: “Fill Holes in Objects”; “Separate Touching Objects”; “Exclude Objects by Size”; “Exclude Not Touching ROIs (TEXT: Refer to Table 1 of text protocol)
5.6. Now, select “Measure” at the bottom of each protocol. Then for all channels except DAPI, choose “Intensity and Volume Measurement” and “Skeletal Length” for all tubulin labeling [1-SCREEN/LM].
5.6.1. Talent selects ‘Measure’ at bottom of protocol then selects “Intensity and Volume Measurement” and “Skeletal Length” for all tubulin labeling

5.7. Draw an ROI around the region to be measured. Under the ‘Summary’ tab, observe the measurements after the software processes the region [1-SCREEN/LM-TXT]. Then copy the data and save them to a workable spreadsheet, as shown here [2-LM].

5.7.1. Talent draws ROI around region to be measured then observes the measurements after processing under the Summary tab. 

5.7.2. LAB MEDIA Table 2 (TEXT:  See Table 2 of text protocol)
6. De Novo MT Assembly Assay
6.1. To construct a multi-well flow-through apparatus [1-MED/CU-TXT], using a jig or a bandsaw, split a 50-ml centrifuge tube in half lengthwise [2-MED/CU].  From 70 (m nylon mesh, cut 7 semi-circles with a radius of 3 cm and trim them to fit tightly into one half of the split centrifuge tube [3-CU].
6.1.1. Multi-well flow through apparatus set up on bench (TEXT: Construct and test the apparatus 2 days prior to the experiment)
6.1.2. Talent finishes splitting tube lengthwise

6.1.3. Talent picks up a cut semicircle from a pile and trims it and fits it into half of a split tube

6.2. Using aquarium-safe silicon sealer, glue the semi-circles into the centrifuge tube parallel to the 10 mL gradation markings [1-CU]. After allowing the device to dry for 2 days, rinse it by soaking it in a beaker of water for 2–3 hours [2-CU].
6.2.1. Talent glues semi-circles into centrifuge tube

6.2.2. Talent picks up a tube that has dried for 2 days and place it into a beaker of water

6.3. Line the top threaded end of the cut centrifuge tube with modeling clay such that the height of the liquid retained in the flow-through device has a depth of ¼ inch [1-CU].
6.3.1. Talent lines top of tube with modeling clay
6.4. Prepare the washout apparatus by removing the plunger from a 50-mL syringe and insert 12 inches of fine tubing into the tip [1-CU]. Push the tubing in as far as it will go and use modeling clay to seal around the joint [2-CU].
6.4.1. Talent removes plunger from syringe and insert 12 inches of fine tubing into tip
6.4.2. Talent pushes tubing in as far as it can go and seals joint with modeling clay
NOTE: “This step was modified- we didn't have the tip used in the original flow through device so some improvisation was used: we threaded the tubing through the syringe and sealed it with clay once most of the tubing was threaded through the syringe.” Science Editor – I don’t know without seeing it if this needs VO change. So I left it as is. Same applies to the next step.
6.5. With embryo medium, pre-wet the mesh to allow the liquid to run through the entire flow-through device [1-CU]. Angle the device on ice so that liquid pools in all compartments but still empties out the front where the clay rim is located [2-CU].
6.5.1. Talent pre-wets mesh with embryo medium

NOTE: “This step was done using the flow through device. The script doesn't clearly indicate whether it was done by hand or using the device. I believe pre-wetting by hand or using the device is fine.”
6.5.2. Talent angles device on ice so that liquid pools in all compartments but still empties out the front 

6.6. Suspend the washout apparatus on a ring stand above the flow-through device on ice [1-MED/CU].
6.6.1. Talent suspends apparatus on ring stand above the flow through device on ice 
6.7. Chill 200 mL of embryo medium on ice and pour enough into the washout apparatus to ensure that all air bubbles are cleared and that the flow rate is approximately 7 mL/min [1-MED/CU]. Adjust the flow rate by changing the height of the syringe [2-CU].
Author note: “This step wasn't explicitly shown in its own segment, but was recorded as part of 6.5. We think the camera man took note of this”.
6.7.1. Talent removes embryo medium from ice and pours enough into washout apparatus to ensure air bubbles are cleared and flow rate is ~7 ml/min

Author note: “This was done all in recording of the pre-wetting of the mesh 6.5.1. The camera man should have also taken note of this”. 
6.7.2. Talent adjusts flow rate by changing height of syringe
7. Depolymerize Existing MTs

7.1. After dechorionating embryos and preparing nocodazole according to the text protocol [1-MED/CU], use 10 ml of cold nocodazole working solution to exchange the embryo medium of the nocodazole treatment group [2-CU].

7.1.1. Talent places plate of dechorionated embryos and nocodazole together on bench
7.1.2. Talent exchanges embryo medium with nocodazole working solution in treatment group

7.2. Place the petri dishes on ice for an appropriate time for the developmental stage [1-CU-TXT].  Then using a fire polished 1 ml glass pipette, transfer the embryos to the flow-through apparatus using separate compartments for each experimental group [2-CU].
7.2.1. Talent places petri dishes on ice (TEXT:  e.g., 1 h for 4 – 5 somite embryos)

7.2.2. Talent transfers embryos to flow through apparatus using separate compartment

7.3. Start the nocodazole washout by pouring ice cold embryo medium into the top of the 50 ml syringe [1-CU].  Allow the microtubules to regrow after 20 minutes of washout at room temperature by using a fire polished 1-mL glass pipette to transfer embryos to glass Petri dishes containing warm embryo medium [2-CU-TXT]. 
7.3.1. Talent pours ice cold embryo medium into top of 50 ml syringe

7.3.2. Talent transfers embryos to glass Petri dishes containing warm embryo medium (TEXT: 28.5 °C)
7.4. As soon as the embryos are transferred, start a timer [1-MED/CU].  Finally, fix the control and washout embryos at 1, 5, and 10 minutes by pipetting approximately 10 embryos into a 1.5 mL centrifuge tube filled with 1 mL of 4% PFA/MAB fixative and fix the samples as demonstrated earlier in this video [2-CU-TXT].
7.4.1. Talent starts timer
7.4.2. Talent transfers 10 embryos into a centrifuge tube of PFA/MAB fixative (TEXT: 28.5 °C)
8. Results:  Analysis of Stable, Dynamic, and Nascent Microtubules in the Zebrafish Embryo
8.1. Using Glu-tubulin and Tyr-tubulin as markers for stable and dynamic MTs, dynamic MTs are shown to predominate in the hindbrain at the neural keel stage [1-LM].
8.1.1. LAB MEDIA Figure 2A-D, Editor, for the first part of the sentence, add in the panels one at a time, beginning with panels A – C.  Then add in the white dashed rectangles in the three panels and then bring in panel D.  Then add in the white arrowheads in panel D. **Authors to provide panels without dashed boxes and arrowheads**
8.2. As the keel develops into the neural rod, a stage of enhanced epithelialization, qualitatively fewer MTs are immunoreactive with the anti-Tyr-tubulin antibody, especially in the ventral rod [1-LM].
8.2.1. LAB MEDIA Figure 2E-H, Editor, do a similar thing as in 8.1 here, by adding in E – G for the first part of the sentence, then add in the dashed boxes, then panel H, then the white arrowhead.
8.3. In contrast, Glu-tubulin is scattered and punctate throughout the neural keel [1-LM] but is enriched in the ventral neural rod along MT tracts. Arrowheads point to specific MT bundles or structures where labeling is increased [2-LM].

8.3.1. LAB MEDIA Figure 3A-D, Editor, add in the panels and boxes in a similar manner as for 8.1 and 8.2, just more quickly here and then add in the white arrowheads.
8.3.2. LAB MEDIA Figure 3E-H, Editor, add in the panels and boxes in a similar manner for the second half of the first sentence, then add in the arrowheads into panel H when they are mentioned.
8.4. The nocodazole treatment depolymerizes MTs resulting in diffuse labeling [1-LM].  As the MTs regrow, they extend from the centrosome [2-LM] however, this may not be obvious in a single plane due to their non-planar trajectories [3-LM].  
8.4.1. LAB MEDIA Figure 4A, D, and G, Editor, add in panel A then D, then the dashed boxes then G.  
8.4.2. LAB MEDIA Figure 4B, E, and H, Editor, add in B, then E, then the dashed boxes then H.  For ‘they extend from the centrosome,’ add in the white arrowheads.  
8.4.3. LAB MEDIA Figure 4C, F, and I, Editor, add in the panels, boxes, and arrowheads in a similar manner here.  
8.5. Nevertheless, some image analysis software is capable of measuring lengths in 3-D, enabling an assessment of MT growth after the nocodazole washout.  The mean length of MTs appears to increase over time after the nocodazole washout in all regions of the neural tube analyzed [1-LM].
8.5.1. LAB MEDIA Table 4 
8.6. Once the data analysis is finished using the 3-D image analysis software and quality is controlled for, useful information can be recovered from the raw data such as average length of total MTs and stable MTs or the ratio of stable MTs to total MTs [1-LM].

8.6.1. LAB MEDIA Table 3

9. Conclusion (said by authors on camera)

9.1. Eudorah Vital: Once mastered, this technique takes no longer than a week from start to finish.
9.2. Jonathan Werner: While attempting this procedure, it’s important to remember to collect and process samples in a timely manner as microtubules depolymerize easily.
9.3. Jonathan Werner: This procedure can also be applied to the analysis of mutants.
9.4. Eudorah Vital: After watching this video, you should have a good understanding of how to capture distinct microtubule populations in the intact embryo.
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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