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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)? Yes

Steps 2.4-2.6 will use an Olympus SZX16

Steps 3.1, 3.4-3.8, 3.12-3.14 will use an Olympus SZX12

Steps 4.1-4.5 will use a Zeiss Axiovert 200M  

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? Yes

Steps 5.1-5.4

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

Steps 2.4, 3.4, 3.5, 3.7, 3.12, 4.3, 5.2

D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  

The dissection of the PSM from the embryo. This takes patience and practice to ensure that you do not rip the PSM.

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 generate dispersed cultures for long-term imaging of oscillations in fluorescence reporters of cyclic gene expression in single, isolated cells from the zebrafish segmentation clock. (Intro).

This is accomplished by first dissecting presomitic mesoderm, or PSM tissue from transgenic zebrafish embryos (P1 Editor, bring in the embryo in P1 then add in the red dotted line).

Next, the most posterior piece of the PSM, the tailbud is dissected from multiple embryos and the pieces are pooled in trypsin (P2, Editor, Editor, rotate the righthand side of the cut piece of the embryo from P1 and transition into the left picture in P2.  Then ‘cut’ the bottom off with the red dotted line and transfer the piece with others into the plate of trypsin).

Then the tailbud pieces are manually dispersed with a pipette, generating a cell suspension (P3, Editor, remove the word trypsin from the plate and bring in the hand with the pipetteman and place the tip into the plate then break up the pieces of tailbud until they’re not visible. Maybe you can replace the hand with the pipetteman with just a pipetteman?).

Finally, the cell suspension is plated onto fibronectin-coated culture dishes for long-term imaging (P4, Editor, bring in the plate in P4, lay it flat and use the pipetteman to transfer some of the solution in the plate into the new plate).

Ultimately results can be obtained that show multiple oscillations in intensity over time from single PSM cells through fluorescence timelapse microscopy (P5, Editor, bring in the microscope and place the plate on the stage and then bring in figure 2. Or just show figure 2).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   

1.1) Author name Alexis Webb: The main advantage of this technique over existing methods, like static measurements of gene expression using in situ hybridization in PSM tissue, is that real-time measurements of oscillations using our fluorescent reporter provides a window into the dynamic process of the segmentation clock at the level of single cells.   

1.2) Author name _Andrew Oates_: Though this method can provide insight into _the single cell behavior of the segmentation clock _, it can also be applied to other systems, such as studies of organogenesis and disease models, whenever an appropriately expressed transgene is available. 

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Dissection Preparation

2.1. On the day before dissection, obtain embryos from an incross of zebrafish pairs heterozygous for the transgenic allele.  Raise the embryos in E3 medium without methylene blue at 28 degrees Celsius until shield stage, ~6 hours post fertilization, or hpf.

2.1.1. WIDE Talent pours embryos from a mating tank into strainer to collect 

2.1.2. LAB MEDIA Plate of newly collected embryos

2.1.3. LAB MEDIA Embryos at shield stage

2.2. Transfer the embryos in E3 medium without methylene blue to 20 degrees Celsius overnight. At 20 degrees Celsius, the embryos will form 1 somite per hour once they reach the tailbud stage.  At the beginning of the dissection protocol the following morning, the embryos should be at the 5 to 8 somite stage. 

2.2.1. WIDE Talent transfers plate of embryos into 20 degrees C incubator

2.2.2. LAB MEDIA Embryos at tailbud stage

2.2.3. LAB MEDIAEmbryos at 5-8 somite stage

2.3. After assembling the tools for dissection, cover a glass-bottom imaging dish with Fibronectin1 substrate (TEXT: 10 10 g/mL in PBS).   Leave the dish on the bench to coat during the dissection.

2.3.1. MED/CU Tools for dissection set up on bench/work area

2.3.2. CU Talent covers an imaging dish with Fibronectin1 then sets the plate aside

2.4. Under a fluorescent stereomicroscope, identify transgenic embryos by examining the presomitic mesoderm, or PSM for YFP expression. Fluorescence should be visible in the region from the last formed somite to the tailbud.

2.4.1. MED Talent sitting at stereoscope places plate on stage

2.4.2. SCOPE Fluorescent embryos showing YFP expression. Zoomed in on embryo showing fluorescence from last formed somite to tailbud - videographer, have talent point this out if possible - Editor, point out the last formed somite and tailbud if visible 
(SCOPE TC: 00:00-02:20)

2.4.3. - deleted -  (shot with 2.4.2)  
2.5. Select embryos with the brightest signal; 25% of offspring should be homozygous embryos carrying 2 copies of the transgene.

2.5.1. SCOPE Examples of homozygous and heterozygous expression side-by-side- Editor, point out an embryo with bright signal (SCOPE TC: 02:20-03:13)

2.6. Using transmitted light as a positional reference to distinguish any autofluorescence, transfer positive embryos to a separate plastic petri dish containing E3 medium without methylene blue.

2.6.1. CU : Talent switches to transmitted light and refocuses CU Talent transfers embryos to new dish with E3/methylene blue

3. Presomitic Mesoderm Dissection and Dispersal

3.1. To prepare embryos for dissection, under a dissecting scope, using fine forceps, carefully remove the chorion from each embryo in the E3 medium. Be sure not to damage the embryo or disrupt the yolk cell. 

3.1.1. SCOPE Talent removes chorion from embryos (SCOPE TC: 03:13-04:54)
3.2. Fill a Sylgard-coated dissecting dish with L15 medium with serum. Using forceps or another flat tool, remove any air bubbles from the surface of the Sylgard.

3.2.1. MED: Talent fills dish with L15

3.2.2. CU/ECU Talent removes bubbles from surface of dish

3.3. Using a fire-polished glass pipette, transfer the dechorionated embryos to the dissection dish and with the wire tools, move all embryos to one side.

3.3.1. MED Talent transfers dechorionated embryos into dissection dish 

3.3.2. ECU Talent moves them to one side

3.4. Next, in the small well made in the Sylgard layer within the dissecting dish, orient a single embryo on its lateral side.  Then, using the micro-scalpel, slice through the embryo and yolk cell just anterior to the hindbrain and through the ventral pole of the embryo (Fig. 1B, dotted red line).

3.4.1. SCOPE Talent places embryo into Sylgard layer and orients on lateral side (SCOPE TC: 04:54-05:44)
3.4.2. SCOPE Talent uses scalpel to slice through embryo and yolk - Videographer, frame for an inset; Editor, inset figure 1B at the upper right (SCOPE TC: 05:44-06:09)

3.5. Remove the anterior piece of the embryo from the well, moving it away to the side of the dish, and then use the wire tools to scrape away remaining yolk cell granules from the posterior section including the PSM. Next, flatten and orient the PSM with the anterior end pointing away and the posterior pointing forward (Fig. 1C). If the thin layer of ectoderm has not pulled off by this point, use the wire tools to peel it away from the top of the PSM tissue. 

3.5.1. SCOPE Talent removes anterior piece of embryo from well.  (SCOPE TC: 06:09-06:33)

added Shot SCOPE:  Talent uses tools to scrape away yolk cell granules. Talent flattens and orients the PSM. ((Fig. 1C)) Talent peels away the thin layer of ectoderm. (SCOPE TC: 06:33-08:18)
3.6. Using the micro-scalpel, cut the most posterior tip of the PSM past the end of the notochord, or the tailbud, away from the rest of the tissue. (Fig 1C)

3.6.1. SCOPE Talent cuts tailbud away from tissue - Videographer, frame for inset - Editor inset figure 1c at top right (SCOPE TC: 08:18-08:36)

3.7. Move the tailbud piece to one corner of the dish away from the dissecting area and use the wire tools to clear any debris and unwanted embryo tissue from the dissecting field (TEXT: repeat with next embryo).

3.7.1. SCOPE Talent moves tailbud and debris away (SCOPE TC: 08:36-09:03)
!!!! 
All shots from 3.4.1. to 3.7.1 are additionally recorded in one single shot, which seems to 
be much better then the partitioned ones. Its at SCOPE TC 10:10-13:14 !!!
3.8. Pool tailbud pieces from multiple embryos, depending on how many cells will be required for the experiment. On average, a single piece of tailbud tissue yields 1000 cells.

3.8.1. SCOPE Multiple tailbud pieces in a dish (SCOPE TC: 13:14-13:30)
3.9. Fill an empty 35-mm plastic dish with a small volume of trypsin-EDTA and using the fire-polished glass pipette, transfer the tailbud pieces into the dish.  Incubate for 20 minutes at room temperature.

3.9.1. CU Talent adds trypsin-EDTA to dish

3.9.2. MED Talent transfers tailbud pieces to dish

3.10. While the tissue is incubating in trypsin, add MilliQ water to the Fibronectin1 solution in the glass-bottomed imaging dish.  Remove the solution and wash from the glass 3 times with MilliQ water. Use suction to remove each wash and ensure the dish is completely dry.

3.10.1. MED Talent adds MilliQ water and removes Fibronectin1 from imaging dish

3.10.2. CU  of 3.10.1.

3.11. To image the tailbud pieces, pipette 100 microliters of L15 medium with serum into an imaging dish.  Using a coated gel tip, transfer the tailbud pieces in as small a volume of trypsin/EDTA as possible into the imaging dish.  

3.11.1. MEDTalent pipettes L15 medium into imaging dish

3.11.2. ECU Talent transfers tailbud pieces to imaging dish

3.12. Pipette the pieces up and down multiple times to break them apart and suspend the cells in medium.  Be careful not to introduce air bubbles (TEXT: check for clumps under scope).  Allow the cells to settle onto the Fibronectin1-coated glass for 20 minutes at room temperature.

3.12.1. (PLEASE use the last parts of 3.11.2) CU Talent pipettes the pieces to break them apart

3.12.2. SCOPE Cell suspension showing no clumps (SCOPE TC: 13:30-14:24)

3.12.3. MED Talent sets plate on bench and walks away

3.13. After the incubation, add a small volume of additional L15 medium with serum to the cells before beginning imaging. Use care not to disrupt settled cells (TEXT: add necessary supplements or drugs).

3.13.1. CU Talent carefully adds L15 medium to cells

4. Imaging Dispersed Presomitic Mesodermal Cells

4.1. To image the cells, begin by placing the dish in the temperature chamber on the time-lapse microscope.   Set the desired temperature and allow the dish to equilibrate for at least 30 minutes before beginning image acquisition.  A stable temperature is essential for accurate measurements of period in single PSM cells.

4.1.1. (Accidentally shot as 4.4.1) WIDE: Talent places dish in temperature chamber on microscope

4.1.1. Take 2 additional shot (Accidentally shot as 4.4.1 Take 2) CU of 4.1.1
4.1.2. MED/CU Talent sets temperature

4.1.3. CU Cells equilibrating in chamber

4.2. Acquire test fluorescent images to check that exposure time and gain provide a large dynamic range of intensities without saturation to ensure good signal to noise levels.

4.2.1. MED OVER SHOULDER/SCREEN Talent takes test images

4.3. A typical fluorescence image acquired from dispersed cells generated from our lines using this protocol requires 400 ms, and 40 ms for a transmitted light image with an EMCCD camera operating at an EM Gain of 85.  In addition, pre-amp gain and readout speed from the camera are also essential to maximize signal over noise. 

4.3.1. SCREEN/LAB MEDIA Talent takes a fluorescent image

4.3.2. SCREEN/LAB MEDIA Talent takes a transmitted light image

4.3.3. SCREEN Pre-amp gain and readout speed on screen

4.4. Using the transmitted light channel, choose fields of cells for the time-lapse acquisition.

4.4.1. SCOPE Talent chooses a field of cells for time lapse (SCOPE TC: 14:24-End of tape)

4.5. Run a time-lapse acquisition protocol by acquiring one transmitted light and one fluorescence image per field with an interval such as 2 minutes that will capture temporal dynamics without photobleaching or inducing toxicity in the cells.

4.5.1. SCREEN/LAB MEDIA Talent runs time-lapse protocol

5. Image Processing of Acquired Time-lapse Movies

5.1. To process time-lapse movies, open a file and split the transmitted light and fluorescent frames to create two stacks of images.

5.1.1. SCREEN/LAB MEDIA Talent opens a file and splits the frames

5.2. To track a single cell in the transmitted light channel, choose a circular region or interest, or ROI around a cell that was still healthy at the end of recording that does not move outside the field, and that does not come in contact with other cells. 

5.2.1. SCREEN/LAB MEDIA Talent chooses an ROI

5.3. Save an ROI every few frames to the ROI manager and track the cell until the last frame.   Select the fluorescence stack and with the saved ROIs, use the custom circle interpolator plug-in and macro to measure the intensity of the tracked cell over time.

5.3.1. SCREEN/LAB MEDIA Talent saves the ROI in a frame and tracks the cell to the last frame

5.3.2. SCREEN/LAB MEDIA Talent selects fluorescence stack and with saved ROIs, uses the custom circle interpolator plug-in and macro to measure the intensity of the tracked cell over time

5.4. Check the output trace from the macro. If it qualitatively captures features of the fluorescence time-lapse, export the values to an Excel worksheet.  Save the ROI list for the cell.

5.4.1. SCREEN/LAB MEDIA Brings checks macro for output trace

5.4.2. SCREEN/LAB MEDIA Talent exports fluorescence time-lapse features to Excel 

5.4.3. SCREEN/LAB MEDIA Talent saves ROI list for cell

6. Representative Time-lapse Imaging Results-(second to last section) 

6.1. Shown here are representative images from a single PSM cell in a 6-hour time-lapse recording.  The transgene used here generates a reporter whose cycle of production and degradation occurs with similar dynamics to the endogenous gene and protein in the embryo, on the order of half an hour.  

6.1.1. LAB MEDIA Figure 2A, B

6.2. Under standard imaging conditions with L15 medium containing 10% fetal bovine serum, we find that PSM cells can produce between 2 and 7 peaks, with the mean and standard deviation of 3±1 peaks. The median peak number, as well as the 25% percentile, is 2 peaks and the 75% percentile is 3 peaks. Using our semi-automated tracking and analysis, we can quickly generate fluorescence intensity over time traces for individual PSM cells. These raw traces can then be used to make quantitative measurements of properties of the oscillating PSM cells, such as frequency, amplitude, number of cycles, and timing of peaks.

6.2.1. LAB MEDIA Figure 2C  Editor, bring in this panel under A and B for comparison

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.

7.1 Author name Alexis Webb: Following this procedure, other methods like recording cells following addition of signaling factors or inhibitors can be performed in order to answer additional questions such as how the oscillator in single cells responds to factors that are found in the embryo.

7.2 Author name _Andrew Oates_: After its development, this technique paved the way for researchers in the field of somitogensis to explore the regulation of cells of the segmentation clock in isolation from the myriad of cell-cell and tissue-level influences that complicate analysis in the complexity of 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 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.

 2010, Journal of Visualized Experiments


