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Questionnaire:

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

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

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: ___RMC Boeckeler Ultramicrotome (PT-PC) with Stemi 2000 Stereomicroscope with standard C-mount 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Y___ 

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.) 2.1, 2.5, 3.1, 3.2, in the preparative part, 4.3 and 4.5 for the imaging part 
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 3.1 and 3.2 are the most critical ones

To guarantee success during filming we will prepare two „ideal“ sample blocks and test them beforehand to make sure they form good ribbons.

To demonstrate Step 2.1 we will use a different, new sample block

Lisa Veith is very experienced with serial section collection and will do several test runs before the day of filming,  
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? Ultramicrotome in building INF267 = BioQuant, SEM in building INF229 = Umweltphysik, less than 50m apart, computer for image registration in building INF255 = Centre for Advanced Materials, about 100m from BioQuant
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 workflow is to identify certain targets for ultrastructural imaging within a tissue using light microscopy, followed by 3D imaging in a SEM at very high resolution. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Schröder (PI): This imaging workflow can help answer key questions about cellular or tissue ultrastructure in a number of fields such as cell and developmental biology, neuroscience, and pathology. 

1.2. Schröder (PI): The main advantage of this technique, which is based on array tomography, is that slicing up tissue into arrays of serial sections makes identification of target structures easy, even when they are initially buried inside the original sample volume.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Wacker (Senior scientist): Array tomography was originally introduced in a neuroscience context. However, it can also be applied to a wide range of systems including bacteria, plants, animals, and even patients’ samples in a pathology context.

1.4. Veith (Technician): Individuals new to this method will struggle because collecting many serial sections is very difficult. Working without additional support may cause loss of sections or disarrangement of the ribbons. 
Protocol: (read by voice talent at JoVE)   
2. Ultramicrotome and Sample Setup

2.1. Using a tiny brush formed from a few hairs fixed to a toothpick[1-MED Over the Shoulder], carefully coat the leading and trailing sides of a pre-trimmed block with an adhesive mixture. [2-CU-TXT] Perform this step quickly because the solvent of this mixture evaporates within seconds. [3-SCOPE]
2.1.1. Talent holds up brush while about to work on sample that is placed under the stereoscope. 

2.1.2. Side view showing talent coat the block with adhesive. (TEXT: *Do not contaminate the block-face with this mixture.)
2.1.3. Scope image of the coating process showing detail.
2.2. While the samples dry, cut pieces of silicon wafers to a size that fits into the knife boat and mark them with a diamond scriber. [1-CU-TXT] Then, clean the silicon wafer manually with isopropanol and lint-free tissue. [2-CU]
2.2.1. Talent selects one of the cut wafers and marks it with the diamond scriber. (TEXT: Size: 2 x 2.5 cm for the Jumbo knife)
2.2.2. *Film as written
2.3. Fix the substrate to one end of the carrier plate using a removable adhesive. [1-CU] Once set, plasma activate the substrate using glow discharge with air to obtain a hydrophilic surface.  [2-MED]
2.3.1. *Film as written

2.3.2. Show sample in chamber as the “glow” occurs.
2.4. With the mounted substrate closer to the knife-edge, insert the carrier into the clamp of a substrate holder. [1-CU] Next, insert a Jumbo diamond knife into the knife holder and set the clearance angle to 0°… [2-CU] Then, fill the knife boat with distilled water. [3-MED]
2.4.1. *Film as written

2.4.2. Talent puts knife into place and adjusts the angle.

2.4.3. *Film as written

2.5. Approach the knife so that it is 1 to 2 mm from the sample. [1-MED Over the Shoulder] Then, lower the substrate into the water using screws 1 through 3 of the substrate holder. [2-CU] Check that the waterline is located in the upper third of the substrate. [3-SCOPE]
2.5.1. Talent brings the sample close to the knife.

2.5.2. *Film as written

2.5.3. Point to the location of the waterline using some sort of tool.

2.6. Because it is hard to see the ground clearance when using a silicon wafer, lower the substrate until you feel it touch the floor... Then, raise the substrate a small amount... Make sure that neither the substrate nor the carrier will touch the knife boat while cutting.[1-SCOPE]
2.6.1.  Talent lowers and then raises the substrate as described, then tests to see if the substrate/carrier touches the knife boat.
2.6.2.  Added shot: Shot of talent’s hands turning the micromanipulator knobs

2.7. Next, use a syringe or pipette to adjust the water level in the boat. [1-CU] While watching through the binocular, add or remove water until the full area of the water surface shows a homogenous reflection of the top light illumination of the ultramicrotome.[2-SCOPE]
2.7.1. *Film as written

2.7.2. *Film as written

3. Ultramicrotome Sectioning

3.1. Once the setup is complete, begin sectioning the sample. [1-MED] When a number of sections have been cut, stop the sectioning process, and release the ribbon from the knife-edge by gently stroking over the knife-edge with an eyelash or a very soft cat hair.[2-SCOPE]
3.1.1. Talent sits at microtome and sections the sample.

3.1.2. *Film as written

3.2. Manipulate the ribbon towards the substrate and gently push the first section of the ribbon to attach it to the dry part of the substrate.[1-SCOPE]
3.2.1. *Film as written

3.3. Continue sectioning the sample and attaching the ribbons to the substrate. Start on one side of the substrate and move gradually towards the other with each new ribbon.[1-SCOPE]
3.3.1. *Film as written

3.4. When the substrate is completely covered with ribbons, gently lift-out the substrate from the knife boat using the micromanipulator screws of the substrate holder. [1-CU-TXT]
3.4.1. *Film as written (TEXT: ~4–5 ribbons/substrate)

3.5. Let the ribbon array dry and then store it in a dust-free environment. [1-CU] After drying, remove the adhesive mounted substrate as soon as possible from the carrier. [2-CU]
3.5.1. Talent places ribbon into storage

3.5.2. Talent removes adhesive from one of the substrates
3.6. Then, stain your sample for light microscopy, as described in the accompanying text protocol and perform imaging. [1-MED] Next, stain the sample for electron microscopy and mount it on aluminum stubs with a sticky carbon pad.[2-CU]
3.6.1. Talent adds drops to a ribbon as if staining.

3.6.2. Talent mounts sample onto aluminum stub.
4. Hierarchical Imaging in the SEM
Video Editor: Due to numerous changes, the numbering system has been slightly altered in order to keep the later steps numbered the same and reduce confusion with already submitted files.
4.1. Author Name - Wacker: “Now image these arrays in a field emission SEM, with a primary energy of 3 kV or lower and a beam current between 50 and 800 pA to avoid charging. When using ITO-coated glass coverslips [1-INT]connect the conducting surface with copper tape and silver paint to the microscope carrier.[2-ECU]
4.1.1. Author says the above statement interview style while standing next to the SEM. They should say the entire statement from “Now….carrier”.

4.1.2. Close-up showing the sample carrier with the mounted substrates.
4.1b
Author Name - Wacker: “The first step in the hierarchical imaging cascade is to generate an overview of the array in such a way that the individual sections can be recognized”


4.1b.1. Author says the above statement interview style.

4.2. First define the four corners of your array by grabbing an image of each corner at low magnification, about 100x. Then create a ROI enclosing the whole array. Assign an imaging protocol to this ROI with the following parameters. [1-SCREEN]
4.2.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_2_1 to this link. Highlight the different parameters in the “Edit Protocol” window at the end of the 3rd sentence.)
4.2b Use the secondary electron detector for high speed imaging, using a short dwell time of around 0.2 µs. Choose a large image pixel size and a tile size of 2000 x 2000 pixel. The result is a very noisy image, but even here the tissue within the section is visible.[1-SCREEN]
4.2b.1 Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_2b_1 to this link.)
4.3. Then, generate a section set by creating a region of interest outlining just the tissue in the first section. Clone it to all subsequent sections using the stamp tool. Rotate the regions of interest when needed in order to accommodate for bent ribbons. [1-SCREEN]
4.3.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_3_1 to this link.)

4.4. Assign a protocol to the section best displaying the substructure of the tissue. Here, an intermediate pixel size of 60 nm, a tile size of 12k x 12k pixels, and a dwell time of 3.2 µs was used… [1-SCREEN]
4.4.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_4_1 to this link.)
4.5. Due to poor quality, a second section set outlining a select few cells was created using a smaller pixel size, and a more sensitive detector. Now it is possible to recognize the two target cells very well.   [1-SCREEN]
4.5.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_5_1 to this link.)

4.6. Create a site set within the section set, containing the target structure for higher resolution SEM imaging. Make the region of interest large enough to account for stage precision. Check and adjust the positions of the sites [1-SCREEN]
4.6.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_6_1 to this link.)

4.7. Author Name - Wacker: “Autotuning, is necessary when many sections are imaged.  It is important to place the ROIs in such a way that the center does not sit on “empty” material with no structural detail, such as vacuoles.”[1-INT]
4.7.1. Author says the above statement interview style

4.8. Next, define the autofocus settings and check the imaging performance over the length of a ribbon on a small region of interest that is close to the site that will be imaged. [1-SCREEN]
4.8.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_7_1 to this link.) 
4.9. Then, define an imaging protocol for the high-resolution SEM acquisition. To see membrane compartments, choose an image pixel size between 3 and 5 nm. Select a dwell time depending on the detector so that the image is not too noisy. [1-SCREEN]
4.9.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_9_1 to this link.)
4.10. Because the stage has to travel a large distance between recording this and this section, define the focus values on at least the first section of each ribbon using the check protocol option. [1-SCREEN]
4.10.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_10_1 to this link.)(Video Editor: Highlight the large distance that this travels as shown in the sample powerpoint slide that has been uploaded as Script4.10.pptx)
4.11. Then start the automated SEM imaging over the whole series of target regions of interest..[1-SCREEN]  When finished, export the acquired data as image series, preferably in .tif format. [2-SCREEN]
4.11.1. Screen capture video as the talent begins the series imaging.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_11_1 to this link.)
4.11.2. Screen capture video as the exports the series in .tif format.  (Author: Please submit the screen capture video of this step as 57059_Wacker_4_11_2 to this link.)
5. Registration of the SEM Image Stack

5.1. Import image series into Fiji as a virtual stack… [1-MED Over the Shoulder] Next, crop the stack for further processing by trimming the area as close as possible to the structure of interest.  Also, adjust the brightness and contrast and save stack. [2-SCREEN]
5.1.1. Talent sits at computer and imports the images.

5.1.2. Screen capture video as the talent crops the stack and adjusts the brightness/contrast.  (Author: Please submit the screen capture video of this step as 57059_Wacker_5_1_2 to this link.)
5.2. Once cropped and optimized, open a new TrakEM from the file menu.  Right click into the image field, and import the stack into TrakEM as “One slice per layer”…. By right click choose “align layers”. Choose “least squares…” as mode, set the range from first to last… and choose ”none” as the reference.. [1-SCREEN]
5.2.1. Screen capture video as the talent opens TrakEM, imports the stack, aligns the laysers, and sets the range/reference.  (Author: Please submit the screen capture video of this step as 57059_Wacker_5_2_1 to this link.)
5.3. Next, select the default setting values and choose rigid as the desired transformation.  [1-SCREEN]
5.3.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_5_3_1 to this link.)
5.4. When the registration is completed and satisfactory, save the aligned dataset by right clicking and choosing export.  Make a flat image, set the range from first to last image, and let the software show the resulting stack…. When finished, save the stack in tif-format. [1-SCREEN]
5.4.1. Screen capture video as the talent performs the above step in the order listed.  (Author: Please submit the screen capture video of this step as 57059_Wacker_5_4_1 to this link.)
6. Results: Multimodal Hierarchical Imaging of Serial Sections of Plant Roots
6.1. After preparation, the section array appears as an array consisting of several ribbons of serial sections.[1-LM]
6.1.1. Figure 1c

6.2. This section shows an overview of an Arabidopsis root tip stained with propidium iodide.[1-LM]
6.2.1. Figure 3a/b

6.3. The sequential sections of this sample were aligned as described in the protocol and combined to show the sample in 3-D as a single movie file.  Here, one can see the two target cells which will later be imaged at nanometer resolution in the SEM. [1-LM] 
6.3.1. Supplemental Movie S1.avi (Video Editor: Show the video starting from 0:08 until the VO ends. Highlight the two target cells.  The target cells start around 0:11 and end around 0:33. A good point to see them both with some structures inside is 0:19. Possibly pause at this point to end the statement.)

6.4. Following additional staining with uranyl acetate and lead citrate, the arrays were imaged in the electron microscope.  This static image shows a sample section first imaged at 20 nm resolution and in a second imaging round at 5 nm resolution. [1-LM]
6.4.1. Figure 3c/d (Video Editor: Label Figure 3c with “20 nm pixel size” and Figure 3d with “5 nm pixel size”.  Highlight the proper image when mentioned during the second sentence.)

6.5. Here, 210 sequential images from the electron microscope were aligned and cropped as described in the protocol.  The video targets only 2 cells and shows how the vacuoles within the cells are arranged and sometimes connected in 3D.[1-LM]
6.5.1. Supplemental Movie S2.avi  (Video Editor: Show the video starting from 0:02 until the VO ends.) 

6.6. Automated hierarchical imaging of the arrays in the SEM shown here can provide seamless mapping at different resolution levels: From an overview of the whole array.. [1-LM] to subcellular details. [2-LM] At the highest magnification, vacuoles, mitochondria, the nucleus, and the endoplasmic reticulum are recognizable. [3-LM]
6.6.1. Supplemental Movie S3.mp4 (Video Editor: Show a static screen of the movie at the zoomed out view at 0:15)

6.6.2. Supplemental Movie S3.mp4 (Video Editor: Run the video from 0:15-0:25)

6.6.3. Supplemental Movie S3.mp4 (Video Editor: Pause the video at 0:25 and highlight the items as they are listed using Figure 4d as a guide.)
7. Conclusion (said by authors on camera) 
7.1. Veith (Technician): Once mastered, placing section ribbons side by side on a typical substrate can be done in a few hours if it is performed properly. This may provide hundreds of sections on one substrate for imaging.

7.2. Wacker (Senior Scientist): Imaging time for such large numbers of sections can vary from one imaging technique to another, even more so if different levels of automation of your favorite imaging instruments need to be taken into account.
7.3. Schröder (PI): It is interesting to note, that the general workflow can be easily combined with other imaging techniques, such as standard histostaining,  cathodoluminescence, or simply as large volume ultrastructural imaging tool.

7.4. Wacker (Senior Scientist): Another aspect of the workflow shown here is its accessibility: Initial studies are doable manually without additional tools or automation, and thus without big invest.

7.5. Schröder (PI): After watching this video, you should have a good idea about the workflow and how multimodal as well as hierarchical imaging can be combined to target and image interesting structures in a large 3D volume at different levels of resolution. 
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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