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Van Ham, Tjakko, J
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No, but_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Leica KL200 stereo__ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes______ 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.) 
2.5/3.6/..
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.) ___
3.6?  mount section on single slot grids?
E.  Will the filming need to take place in multiple locations? (Y/N) _Y_____ If yes, how far apart are the locations? _30m (7th floor and basement of same building
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 large-scale electron microscopy, or nanotomy experiment, is to define alterations from the macromolecular level to the tissue level in today’s case in the degenerating zebrafish brain. 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Anouk Wolters: Nanotomy can help answer key questions in life sciences, for example in the context of neurodegeneration, and in type 1 diabetes research. 
1.2. Ben Giepmans: The main advantage of nanotomy is that unbiased information, ranging from macromolecules, organelles, cells to tissues is acquired. This allows quantitation and open access data sharing via nanotomy.org.  

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

1.3. Tjakko van Ham: Though nanotomy provides insight into immune maintenance in the zebrafish neurodegenerating brain, it also is applied to other disease models, including cell culture, mouse and human tissue.  

1.4. Jeroen Kuipers: Generally, individuals new to this method will struggle because of the overwhelming amount of data that is typically over 1000 times more than with traditional EM. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving zebrafish larvae have been approved by the Animal Experimentation Committee of the University of Groningen according to national and EU guidelines.
Protocol (read by voice talent at JoVE):

2. Larvae Fixation and Embedding
2.1. After fixing zebrafish larvae according to the text protocol [2.1.1-WIDE], cut the larval heads rostrally to the hindbrain to facilitate penetration of osmium [2.1.2-SCOPE/LM].  

2.1.1. Talent at bench transferring fixed larvae to slide or dish for cutting

2.1.2. Film as written
2.2. Place the larvae in 1% osmium tetroxide/1.5% potassium ferrocyanide in 0.1M sodium cacodylate [2.2.1-CU] and incubate on ice for two hours [2.2.2-MED/CU].  Then use double distilled water to rinse the embryos 3x for 5 minutes each [2.2.3-CU]. Prior to embedding, the sample needs to be dehydrated in a series of ethanol [2.2.4].
2.2.1. Film as written
2.2.2. Talent places samples on ice

2.2.3. Talent use double distilled water to rinse embryos
2.2.4. [added] Talent dehydrates the sample (time-lapse)
2.3. To embed the embryos, after incubating in diluted epoxy-resin overnight according to the text protocol [2.3.1-MED/CU], remove the diluted resin and use pure resin to replace it [2.3.2-CU].  Incubate for 30 minutes [2.3.3-MED/CU], then replace the resin a second time, and incubate for another 30 minutes [2.3.4-CU].
2.3.1. Talent places samples in epoxy resin on bench
2.3.2. Film as written

2.3.3. Talent approaches bench where samples are incubating

2.3.4. Talent finishes replacing resin again and sets sample to incubate and walks away

2.4. After refreshing the resin a third time, incubate at room temperature for 3 hours [2.4.1-MED/CU].  Then incubate at 58 (C for 15 minutes [2.4.2-MED/CU] and finally, incubate under low pressure at room temperature for 1 hour [2.4.3-MED/CU-TXT].

2.4.1. Talent removes resin and replaces and sets sample to incubate Sample incubates for 3 hours on roller
2.4.2. Talent places samples at 58 degrees c

2.4.3. Talent places samples under low pressure (TEXT: 200 mbar)

2.5. Next, under a dissection microscope [2.5.1-MED], use a needle or toothpick to orient the heads in commercially available silicon flat embedding molds [2.5.2-LM].
2.5.1. Talent sitting at scope looking at samples in eyepieces

2.5.2. LAB MEDIA  image 2.5-2.7.jpg, or use Fig 1B)
2.6. Then polymerize the epoxy resin at 58(C overnight [2.6.1-MED/CU].  When the specimen is fully hardened [2.6.2], use razor blades to trim away excess resin from the stub [2.6.3-LM]. 

2.6.1. Talent places samples at 58 degrees 
2.6.2. [added] talent takes out the samples from 58 degrees
2.6.3. LAB MEDIA Shot 2.7.mp4, ~0:55-1:20
3. Sectioning, Contrasting, and Mounting
3.1. To detect the right positioning, use a glass knife or a diamond histoknife on an ultramicrotome to cut semithin larvae sections for toluidine blue/basic fuchsin [3.1.1-CU-TXT]. [3.1.2-LM].
3.1.1. Talent cuts sections (TEXT: 500 nm, which is half a micron/ micrometer)

3.1.2. LAB MEDIA Figure 1D

3.2. Transfer the semi-thin sections onto microscopic slides by picking them up with a glass Pasteur pipette [3.2.1] whose tip has been closed by melting it in a flame [3.2.1-CU/ECU].  Dry on a hot plate until no water is left [3.2.2-CU].
3.2.1. [added] LAB MEDIA shot 3.2.mp4 0:02-0:05
3.2.2. Film as written

3.2.3. Talent places samples on hot plate

3.3. Next, place the samples in 1% toluidine blue in water [3.3.1-CU], and incubate the sections on a hot plate for 10 seconds to stain them [3.3.2-CU].  Then, after using water to rinse the sections [3.3.3-CU], use 0.05% basic fuchsin in 1% sodium tetraborate to stain the samples for 10 additional seconds [3.3.4-CU]. 
3.3.1. Film as written

3.3.2. Talent places samples on hot plate

3.3.3. Talent removes last of washes with water

3.3.4. Talent adds basic fuchsin to samples and places on hot plate if nearby 

ORDER OF 3.4 AND 3.5 MODIFIED/SWITCHED A BIT
3.4. With a normal light microscope at 10X to 40X, examine the samples [3.4.1-MED].  When the proper site or orientation is reached, use easily identifiable anatomic structures, including olfactory pits, eyes, or grey-white matter boundaries, to identify the brain region of interest during ultrathin sectioning and to adjust the sectioning angle when the sample is tilted [3.4.2-LM]. 
3.4.1. Talent sitting at scope looking through eye pieces and Fig. 1D
3.4.2. LAB MEDIA Step 3.5 high res alternative2.tif, Editor, using step 3.5.pptx as a guide, For the brain, add in the top two arrows pointing to the outlined area.  For the olfactory pits, add in the top left arrow.  For the eyes, add in the arrow pointing to the round circle on the left.  For the grey-white matter boundaries, add in the bottom left arrow.

3.5. [3.4.1-MED].  Continue sectioning the epoxy resin block with a diamond knife to cut ultrathin 70nm sections [3.5.2-MED/CU-TXT]. 
3.5.1. Talent sitting at scope looking through eye pieces

3.5.2. Film as written (TEXT: ~70 nm) Fig. 1E
3.5.3. [added] LAB MEDIA shot 3.4.mp4 (0:02-0:08) 

3.6. Mount each section on a single slot L2 x 1 Formvar coated copper grid to allow acquisition uninterrupted by grid bars [3.6.1-CU/ECU]. [3.6.2/3-LM] [3.6.4].
3.6.1. Film as written
3.6.2. [added] LAB MEDIA shot 3.6 part1.mp4, ~ 0:04-0:08
3.6.3. LAB MEDIA shot 3.6 part2.mp4, ~2:50-3:00
3.6.4. [added] Film as written, may be coupled by the interview below: Shoot Anouk’s hand, then take the interview line.
3.7. Anouk Wolters, for Step3.6: While a square mm might seem small, it will just fit on the opening. We don’t want to obscure our precious 60nm thin section and artifacts that are easily introduced will be recorded as opposed to traditional EM [3.7.1-INTERVIEW].
3.7.1. Talent reciting the above statement looking off camera
3.8.  [added] Contrast the samples with heavy metals according to the text protocol and store in a grid box [3.8.1-3.8.3 CU]
3.8.1. Talent contrast sample on Uranyl acetate 

3.8.2. Talent contrast sample on lead citrate
3.8.3. Talent places sample in grid box

4. Mounting the Sample in the Scanning Electron Microscope and Acquiring Images 
4.1. To mount the sample in the scanning electron microscope, or SEM, place the grid from the transferbox with the section in the multiple grid sample holder [4.1.1] and transfer it into the chamber of the SEM [4.1.2/3-MED/CU]. 

4.1.1. [added] Film as written

4.1.2. LAB MEDIA Shot 4.1.mp4, 0:00-0:16
4.1.3.  [added] LAB MEDIA Shot 4.1.mp4, 0:43-0:50
4.2. After aligning the detector according to the text protocol [4.2.1-SCREEN/LM], pre-irradiate the sample by zooming out so the complete area to be scanned fits the image window [4.2.2-SCREEN/LM].  
4.2.1. LAB MEDIA Shot 4.1.mp4, 1:03-1:36
4.2.2. LAB MEDIA Shot 4.1.mp4, 1:36-2:13
4.3. Once the aperture has been changed to 120 um and the image has been de-focused [4.3.1-SCREEN/LM], use the reduced area scan option to make the scanned area as tight as possible [4.3.2-SCREEN/LM].

4.3.1. LAB MEDIA Shot 4.2-4.5.mp4, 0:00, Editor, at beginning, point out the aperture size of 120 um at bottom of screen
4.3.2. LAB MEDIA Shot 4.2-4.5.mp4, 0:00 -0:17
4.4. Next, set the frame rate to scan a frame in approximately 1-2 seconds [4.4.1-SCREEN/LM-TXT].
4.4.1. LAB MEDIA Shot 4.2-4.5.mp4, 0:11 -0:22 (TEXT: will take 0.5 - 3 hours) 

4.5. Then zoom in at least 100x and scan a small area for 10 seconds.  If the brightness in the area still changes [4.5.1], continue pre-irradiation. When this area does not change brightness compared to its surrounding, pre-irradiation is sufficient [4.5.1-SCREEN/LM].
4.5.1. LAB MEDIA Shot 4.2-4.5.mp4, 0:22 -0:43
4.5.2. [added] LAB MEDIA Shot 4.2-4.5.mp4, 0:47 -1:10
4.6. While in focus, select the lightest area or feature and set the scan speed so that the details are visible [4.6.1-SCREEN/LM]. 
4.6.1. LAB MEDIA Shot 4.2-4.5.mp4, 1:05 -1:12 INCORRECT SEE 4.8
4.7. In the microscope software, adjust the brightness and contrast by carefully watching the histogram to keep all the pixels in the dynamic range.  Do the same for the darkest areas and features [4.7.1-SCREEN/LM].
4.7.1. LAB MEDIA Shot 4.8.mp4, 0:00-1:08

4.8. Go back to the bright area and check again so that there is some space on both sides of the histogram [4.8.1-SCREEN/LM].
4.8.1. LAB MEDIA Shot 4.8.mp4, 1:17-1:39
4.9. Jeroen Kuipers, For steps 4.6-4.8: Acquisition settings, especially brightness and contrast need adjusting such that the entire area is within the dynamic range [4.9.1-INTERVIEW]. 
4.9.1. Talent recites above statement looking away from camera
4.10. Zoom out so the complete area to be scanned fits the imaging window and start the large area acquisition program [4.10.1-SCREEN/LM].  Then use the wizard option to set up a mosaic by selecting an area from the screen [4.10.2-SCREEN/LM].
4.10.1. Record as written

4.10.2. Record as written

4.11. Use a pixel size of 2-5 nm depending on what details are necessary.  And set a dwell time of 3 (s for Scanning Transmission Electron Microscopy, or STEM [4.11.1-SCREEN/LM].

4.11.1. LAB MEDIA Shot 4.11.mp4, 0:00-0:29 
4.12. Press ‘optimize’ to check microscope settings and the time needed will be displayed.  Then switch on the external scan generator again and press ‘continue’ [4.12.1-SCREEN/LM]. 
4.12.1. LAB MEDIA Shot 4.11.mp4, 1:15-1:20 AND 1:40-1:49 Editor, point out the time needed (TEXT: up to 72 hrs for 1 x 0.5 mm areas)  

5. Data Analysis

5.1. To analyze the STEM data, open a large-scale EM file viewer program and open the file called ‘mosaic info’ which will open the tiled tif files [5.1.1-SCREEN/LM].
5.1.1. LAB MEDIA Shot 5.1-5.3.mp4, 0:00-0:15
5.2. Choose the option ‘auto stitch entire mosaic’ and choose the following parameters:  overlap mode = half; stitching threshold = 0.90; and noise reduction = automatic [5.2.1-SCREEN/LM-TXT]. 

5.2.1. LAB MEDIA Shot 5.1-5.3.mp4, 0:15-0:33 (TEXT: overlap mode = half; stitching threshold = 0.90; noise reduction = automatic)
5.3. If stitching criteria cannot be fulfilled, zoom in and manually place the tile in position and click ‘continue as is’ [5.3.1-SCREEN/LM].
5.3.1. LAB MEDIA Shot 5.1-5.3.mp4, 1:23-1:48
5.4. Export the data as an html file or as a single TIF.  Include the final pixel size in the file name to enable measurements later [5.4.1- SCREEN/LM-TXT].  Then analyze the data according to the text protocol [5.4.2- WIDE/MED].
5.4.1. LAB MEDIA Shot 5.4.mp4 (TEXT: downscaling may be needed)  

5.4.2. [added] Team in front of a screen performing “Google-earth-like” analysis of the data (Authors: we’ll have to show this here rather than in the results section.)
5.4.3. [added] LAB MEDIA Shot 5.4.mp4Results: Large Scale Scanning Transmission Electron Microscopy of Zebrafish Brain
5.5. As shown here, nanotomy of control brain sections reveals typical ultrastructural features of neural tissue of the rostral forebrain including olfactory fiber bundles, neuronal nuclei, and neuronal sub compartments, including synapses [6.1.1-LM].

5.5.1. LAB MEDIA Figure 2A, Editor, for the neuronal nuclei, add in the N in the middle panel.  For the synapses, point out the region in the bottom panel where the SVs and PD are.
5.6. Here, subcellular structures include different nuclear morphologies and foci in different cell types and organelles including Golgi apparatus, endoplasmic reticulum, mitochondria, synaptic vesicles and post-synaptic densities [6.2.1-LM].
5.6.1. LAB MEDIA Figure 2A, Editor, for different nuclear morphologies, add in the “N” in the middle panel.  For the synaptic vesicles, add in the ‘SVs’ and for the postsynaptic densities, add in the PD.
5.7. Unexpectedly, the nuclei of cells lining the ventricle are very electron dense compared to other cells dispersed more laterally in the brain.  In microglia the nuclei also show dark foci, possibly heterochromatin, that are absent in other cells in the brain [6.3.1-LM].
5.7.1. LAB MEDIA Figure 2A, Editor, for the ‘nuclei also show dark foci,’ point out the dark spots in the circle with the N.  
5.8. This image from a large scale EM of a coronal section in a zebrafish larva undergoing neuronal ablation reveals phagocytic microglia and vacuoles the size of cells, likely representing dying cells [6.4.1-LM]. 

5.8.1. LAB MEDIA Figure 2B, Editor, for the phagocytic microglia, add in the M in the middle panel.  For vacuoles, point out the ‘L’ dark structures.
5.9. Features characteristic of microglia in mammalian cells were also found in these cells, including prominent Golgi apparatus, and numerous inclusions, such as lysosomes [6.5.1-LM].
5.9.1. LAB MEDIA Figure 2B, Editor, for the prominent Golgi, add in the G in the bottom panel.  For the lysosomes, add in the L in the bottom panel in the dark circle.  
6. Conclusion (said by authors on camera)

6.1. Anouk Wolters: Once mastered, acquisition can be completed within a day if it is performed properly, resulting in data that with traditional manual EM would take weeks.

6.2. Jeroen Kuipers: While attempting this procedure, it’s important to remember that the microscope operator plays a crucial role in acquiring high-quality images. It is not a push-button technique! 
6.3. Jeroen Kuipers: We now applied nanotomy not only to this zebrafish model of neurodegeneration, but also following immunolabeling of cells and tissues in flies, human tissue and more.
6.4. Ben Giepmans: This technique paves the way for researchers in any field to revisit these gigabyte datasets on nanotomy.org to explore possible additional alterations in macromolecular complexes, organelles or cells of interest in all models studied. 

6.5. Tjakko van Ham: After watching this video, you should have a good understanding of how to apply nanotomy to your research questions in the cellular system or tissue you’re investigating.  
6.6. Anouk Wolters: Don't forget that only a professional should do sample preparation, given the toxic properties of reagents and careful consideration of ethical issues. But anyone can try nanotomy.org at home! 

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.

· ultrathin sectioning one hole grid
· screen shots / movies (multiple). Including zooming into datasets
· More?

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.

( 2013, Journal of Visualized Experiments


