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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _ standard dissection microscope from Olympus (SZ51) and a Lecia fluorescence dissecting scope (Leica M205 FA)

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

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.) __ 
The vast majority of our highlighted text contains software settings (and qualifies as `B` in this questionaire); I therefore suggest in total 5 sequences to be filmed, of which some are not highlighted in our submitted manuscript. Each of these procedures is very concise and should be filmable in less than 30s per sequence.

Steps 2.1 and 2.2: end of day one: removal of `bad` eggs and PTU treatment

Steps 2.1 (script): screening for transgenic fish 

Steps 2.4-2.6 (script): mounting of embryos

Step 3.1 (script): visual inspection of fish under the microscope
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.) 
Steps 2.4 to 2.6: the orientation of the mounted embryos is crucial; we repeat the step if it doesn`t work with additional embryos
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 imaging method is to study subcellular organelles in a vertebrate in vivo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Peter Engerer: This method can help to answer key questions in the field of neuronal cell biology, such as dynamics of mitochondria or centrosomes in an in vivo context. 

1.2. Rachel Thong: The main advantage of this technique is that the entire experiment can be performed in an intact vertebrate without the need for any surgical procedure.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Laura Trovo: This method can provide insight not only into subcellular dynamics under physiological conditions, but it can also be applied to studies of disease models, such as Alzheimer’s disease.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been performed in accordance with the local regulations of the government of Upper Bavaria (Munich, Germany).
Protocol (read by voice talent at JoVE):

2. Prepare Embryos for Imaging on an Upright Microscope
2.1. After generating transiently expressing embryos by microinjection or obtaining embryos from stable transgenic lines according to the text protocol [2.1.1-MED/CU], at the end of day one, screen for dead and unfertilized eggs [2.1.2-SCOPE].
2.1.1. Talent

2.1.2. Talent screens for dead or unfertilized embryos

2.2. Using a plastic transfer pipette, transfer the viable embryos to Danieau’s solution containing 1xPTU to prevent pigment formation [2.2.1-MED], and maintain the embryos in Danieau’s solution containing 1xPTU until screening for transgene expression [2.2.2- CU/ECU/SCOPE MED].  
2.2.1. Talent transferring viable embryos to dish containing Danieau’s and PTU

2.2.2. Viable embryos being placed into dish with PTU/Danieau’s Talent putting dish into incubator
2.3. On the day of the imaging experiment, use a fluorescence dissecting microscope [2.3.1-MED] to screen anesthetized embryos for transgene expression [2.3.2-SCOPE]. 
2.3.1. Talent sitting at scope screening embryos

2.3.2. Talent setting aside transgene expressing embryos in dish We provide a separate screenshot showing transgenic and non-transgenic animals.
2.4. Then transfer the selected embryos to a separate petri dish containing Danieau’s buffer with 1X PTU and 1X Tricaine [2.4.1-CU].

2.4.1. Film as written
2.5. Once the embryos have been anesthetized, gently pipette a few into the low melting agarose containing 1xPTU and 1xTricaine, transferring as little liquid as possible to avoid diluting the agarose [2.5.1-SCOPE/ECU].
2.5.1. Film as written

2.6. Transfer the embryos with a small amount of agarose to a glass bottom petri dish [2.6.1-SCOPE/ECU].  Then, working relatively fast, use forceps to position the embryos in the desired orientation, depending on the structure to be imaged [2.6.2-SCOPE].
2.6.1. Film as written

2.6.2. Film as written

2.7. Rachel Thong, For Step   2.6:  The embryos have to be orientated properly, e.g. flat on the side for imaging the retina or a Rohon-Beard neuron. A precise orientation will ensure the best imaging quality and optimize the acquisition speed [2.7.1-INTERVIEW].
2.7.1. Talent reciting the above looking off camera

2.8. After allowing the agarose to solidify for at least 15 minutes [2.8.1-SCOPE/ECU], add Danieau’s buffer with 1X PTU and 1X Tricaine to cover the embryos [2.8.2-CU/ECU].  
2.8.1. Shot of embryos in solidified agarose

2.8.2. Film as written

3. Wide-Field Microscopy
3.1. To carry out wide-field microscopy, after equilibrating a dish of mounted fish in a heating chamber at 28.5 degrees C on the stage of a wide field microscope [3.1.1-MED/CU] and choosing an area of interest [3.1.2-SCOPE], open the microscope software [3.1.3-SCREEN-TXT].
3.1.1. Shot of dish of mounted embryos on heating chamber of widefield scope

3.1.2. Shot of area to be imaged

3.1.3. Record as written (TEXT: µManager 1.4)

3.2. Under ‘Illumination’, click on ‘Configuration Settings’ to define the correct filter sets for the wavelength of interest [3.2.1-SCREEN].
3.2.1. Record as written 
3.3. Under ‘camera settings,’ enter the exposure time required to acquire a suitable image [3.3.1-SCREEN].  Then choose a long-working distance water-dipping-cone objective ranging from 40x-100x magnification that has the highest numerical aperture and is chromatically corrected [3.3.2-SCREEN CU/ECU].

3.3.1. Record as written 
3.3.2. Record as written   Camera shot of high NA objective
3.4. Click on ‘Live’ to choose the field of view.  In the case of an RB neuron, image mitochondrial transport at the stem axon, emanating from the cell body or in the peripheral arbor [3.4.1-SCREEN].  

3.4.1. Talent chooses field of view at stem axon near cell body, Authors please use cursor if possible to point out the RB neuron coming out near the cell body Talent chooses field of view at the peripheral arbors of RB neurons
3.5. Then, in the ImageJ menu, click on the ‘rectangular selection’ button and define a region of interest, or ROI and click on ‘ROI’ in the µManager window [3.5.1-SCREEN].  
3.5.1. Record as written 
3.6. After selecting the ROI for imaging, click ‘Stop’ and ‘Save’ to record the neuronal morphology in the YFP channel [3.6.1-SCREEN].
3.6.1. Record as written 
3.7. To image mitochondrial transport, click on ‘Multi-D Acq’ [3.7.1-SCREEN]. Then in the window called ‘Multi-dimensional Acquisition’, select the number of time-points and the interval between time-points [3.7.2-SCREEN-TXT].
3.7.1. Record as written 
3.7.2. Record as written  (TEXT: Use frame rates of 0.3-1 Hz)
3.8. In the ‘Multi-dimensional Acquisition’ window, click on ‘Channels,’ and add and define the wavelength for imaging and the time of exposure [3.8.1-SCREEN-TXT].
3.8.1. Record as written (TEXT: CFP for mitochondria; exposure times <400 ms)

3.9. In the ‘Multi-dimensional Acquisition’ window, click on ‘Save Images’ to automatically save the files in the specific folder outlined in the ‘Directory root’ [3.9.1-SCREEN]. Now, click on ‘Acquire’ at the upper right corner to start time-lapse imaging [3.9.2 -SCREEN].
(3.9.1 and 3.9.2 were switched)
3.9.1. Record as written

3.9.2. Record as written
4. Confocal Microscopy
4.1. For confocal microscopy, after placing the mounted embryos in a heating chamber at 28.5 degrees C on the confocal stage [4.1.1-MED/CU], open the microscope software and click on ‘Trans Lamp’ or ‘Epi Lamp’ [4.1.2-SCREEN].
4.1.1. Talent places embryos in heating chamber on confocal stage

4.1.2. Record as written

4.2. Then via the oculars of the microscope [4.2.1-MED], use either transmitted or fluorescence light respectively to identify the region of interest [4.2.2-SCOPE].

4.2.1. Talent looks through oculars

4.2.2. Film as written
4.3. In the ‘Acquisition Setting’ window, verify that the objective chosen for imaging matches the objective that appears on the drop down menu of the available objectives [4.3.1-SCREEN].
4.3.1. Record as written
4.4. Then in the ‘Image Acquisition Control’ window, click on the ‘Dye list’ button and select the appropriate fluorophores [4.4.1-SCREEN].  Alternatively, click on the ‘Light path and dyes’ button to manually set the parameters [4.4.2-SCREEN].
4.4.1. Record as written

4.4.2. Record as written
4.5. In the ‘Acquisition Setting’ window, adjust the ‘Zoom’ factor and ‘Size aspect ratio’ of the scanned image to obtain the pixel size necessary to best resolve the structures being imaged [4.5.1-SCREEN].
4.5.1. Record as written
4.6. Set the pixel size to be about half the theoretical resolution of the objective, thereby following Nyquist sampling criteria [4.5.2-SCREEN].  To determine the pixel size of an acquired image, in the ‘Image Acquisition Control’ window, click on the ‘I’ button [4.5.3-SCREEN].
(combined with section 4.5)
4.6.1. Record as written

4.6.2. Record as written
4.7. Next, set the scan speed to the fastest possible [4.7.1-SCREEN-TXT].  Then in the ‘Image Acquisition Control’ window, click on Kalman line averaging and set to a factor of 2 or 3 to reduce noise [4.7.2-SCREEN].  

4.7.1. Record as written (TEXT: 2 µs/pixel)

4.7.2. Record as written

4.8. To select a sequential scanning mode for imaging fluorophores with overlapping spectra, click on ‘Sequential’ and ‘Line.’  Then adjust the relevant power output of the relevant laser lines [4.8.1-SCREEN].
4.8.1. Record as written

4.9. To continuously scan the selected region while adjusting the detector settings for each channel, click on ‘XY Repeat’ or the ‘Focus x2’ or ‘Focus x4’ [4.9.1-SCREEN]. Then adjust ‘HV,’ ‘Gain’ and ‘Offset’ for each channel to acquire images that have the highest dynamic range of grey values [4.9.2-SCREEN].

4.9.1. Record as written 
4.9.2. Record as written

4.10. Now, press Ctrl + H [4.10.1-CU TXT] to visualize the acquired images via a look-up table that identifies under-saturated pixels in blue and over-saturated pixels in red, both of which should be avoided [4.10.2-SCREEN].  Re-evaluate the power output of the relevant laser lines and the detector settings [4.10.3-SCREEN].

4.10.1. Film as written Please show on screen the text: ‘Press Ctrl + H’ (please show in the moment when the pictures turn black and white)
4.10.2. Record as written

4.10.3. Record as written

4.11. To define the upper and lower limits of the volume to be imaged, in ‘Acquisition setting’ click on the ‘Start’ button at the upper limit and then focus to the lower limit and press ‘End’ [4.11.1-SCREEN].
4.11.1. Record as written 

4.12. To check the z resolution of the objective, in ‘Image Acquisition Control,’ click on the ‘i’ symbol.  Then select a step size that is half of the z-resolution for the given objective [4.12.1-SCREEN-TXT].
4.12.1. Record as written (TEXT: e.g., if z resolution is 2 µm, choose 1 µm)
4.13. In the ‘TimeScan’ sub-window, enter the frequency at which z-stacks should be acquired and the number of times the images should be acquired to set up a time series appropriate for the dynamics of the subcellular structure to be imaged [4.13.1-SCREEN].
4.13.1. Record as written
4.14. Click on the ‘Depth’ and ‘Time’ buttons to confirm that the z-stack and time-series will be acquired.  Finally, click on the ‘XYZT’ button to begin acquiring time-lapse images [4.14.1-SCREEN].
4.14.1. Record as written 
4.15. After image acquisition, on the software interface, click on ‘Series Done’ and save the images in ‘oib’ format to record the images and associated metadata [4.15.1-SCREEN]. 
4.15.1. Record as written
5. Results: Wide-field and Confocal Imaging of the Dynamics of Mitochondria and Centrosomes in Zebrafish 
5.1. This figure shows organelles in RB neurons located on the surface of the embryo using wide field and confocal microscopy [5.1.1-LM].

5.1.1. LAB MEDIA Figure 2A, B, Editor, for widefield, point out panel A and for confocal, point out panel B.  

5.2. Here, time lapse imaging on a wide field microscope was used to track the movement of an individual mitochondrium in the peripheral arbor of an RB neuron.  Confocal imaging is significantly slower and can lead to an underestimation of the dynamics of specific subcellular events [5.2.1-LM].
5.2.1. LAB MEDIA Figure C,D, Editor, for the first sentence, point out the light pink zig zagging line in D.

5.3. Images of retinal cells acquired by wide field microscopy suffer from poor contrast, as fluorescence signals from a large volume of tissue obscures detail in the focal plane.  Here, the optical sectioning capability of confocal microscopy noticeably improves the contrast.  The insets show details of a region of the inner nuclear layer with labelling of cellular membranes and mitochondria [5.3.1-LM].
5.3.1. LAB MEDIA Figure 3A, B, Editor, point out panel A for the poor contrast in wide field microscopy.  For the second sentence, point out the panels in B.  Editor, point out the three insets on the right for each panel when mentioned.

5.4. Driven by a sensory neuron-specific Gal4 driver, the mosaic expression from the injections of UAS:mitoCFP and UAS:MA-YFP permit the tracking of individual cells over days, as seen in this RB sensory neuron at 2 and 3 days post fertilization [5.4.1-LM].   

5.4.1. LAB MEDIA Figure 2E

5.5. In addition to mitochondria, other subcellular organelles, such as centrosomes, can be fluorescently labelled. In this example, two UAS cassettes on a single contiguous construct drove the expression of centrosome targeted YFP and membrane-targeted Cerulean in retinal cells.  The insets show a cell in M Phase [5.5.1-LM].
5.5.1. LAB MEDIA Figure 3C, D, Editor, for the centrosome targeted YFP, point out the cetn4-YFP panels and for Cerulean, point out the MA-Cerulean panels.  For the insets, point out the bottom panels for C and D that have two pink dots.  
6. Conclusion (said by authors on camera)
6.1. Peter Engerer: This entire procedure requires several days for mating, egg collection, injections, and then, finally, imaging on 3 or 4 days post fertilization. The actual imaging experiment on the microscope can take several minutes to an entire day.

6.2. Laura Trovo: Following this procedure, other organelles like microtubules or peroxisomes can be labeled and imaged in order to understand their in vivo dynamics.

6.3. Rachel Thong: Don't forget that PTU is carcinogenic and precautions such as wearing gloves should always be taken while performing this procedure.   

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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