[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 59480
Scriptwriter Name: Qingyun Ping
Project Page Link: http://www.jove.com/files_upload.php?src=18141448

Title: Targeted Studies Using Serial Block Face and Focused Ion Beam Scan Electron Microscopy

Authors and Affiliations:  Christopher J. Guérin1,2,3, Anna Kremer1,2,3, Peter Borghgraef1,2,3, Saskia Lippens1,2,3	Comment by Maja Fiket: Authors: Please ensure that all authors’ names are spelled correctly and that the affiliations listed here are correct. 

This is how your names and affiliations will appear in your video. 

1VIB Bio Imaging Core, Ghent, Belgium
2VIB Inflammation Research Center, Ghent, Belgium
3UGent Department of Molecular Biomedical Research, Ghent, Belgium


Corresponding Author: 
Saskia Lippens
Saskia.Lippens@irc.vib-Ugent.be

Email addresses for Co-authors: 
chris.guerin@irc.vib-Ugent.be
anneke.kremer@irc.vib-Ugent.be
Peter.Borghgraef@irc.vib-Ugent.be






Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? Y

2. Does your protocol include software usage? 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Steps 2.9.2; 3.1; 3.3; 5.1

4. 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.)
3.1 – mounting the sample in the exact orientation needed to find your ROI
5.1 – finding the ROI defined in SBFSEM back in FIB-SEM, we look for fiducial marks in the tissue and make sure the shape of the sample block is recognizable 

5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations?
The different locations are rooms on the same floor of our research building, at less then 50 meters from each other.



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Saskia Lippens: Any life science project that requires 3D ultrastructure evaluation of a specific region of interest in a complex biological sample can make use of this technique [1].
1.1.1. INTERVIEW


1.2. Anna Kremer: The sample preparation procedure is the same for 2 imaging modalities, being SBF-SEM and FIB-SEM. The use of the microwave substantially speeds up the sample processing part [1].
1.2.1. INTERVIEW


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Saskia Lippens: Although shown here for roottips, this protocol can be used for any biological model system with minimal adjustments [1].
1.3.1. INTERVIEW


1.4. Anna Kremer: Before using this workflow for correlating between SBF-SEM and FIB-SEM, one should be familiar with the individual technologies [1].
1.4.1. INTERVIEW


1.5. Anna Kremer: The execution of certain steps is easily demonstrated, but difficult to desbribe in written text [1].
1.5.1. INTERVIEW


Introduction of Demonstrator: (Said by you on camera)

1.6. Anna Kremer: Demonstrating the procedure will be Peter Borghgraef, a technician from our group [1] [2]. 
1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Section - Protocol
2. Sample Fixation and Processing for Electron Microscopy
2.1. To begin, cut root tips of the fixed Arabidopsis thaliana seedlings on agar plates [1] and put 2-3 tips in Eppendorf tubes containing the same fixative [2-TXT] overnight at 4 degrees Celsius [3]. 
2.1.1. CU: Talent cuts root tips of the seedlings.
2.1.2. CU: Talent puts 2-3 tips into tubes containing solution. TEXT: minimum ratio of sample to solution: 10:1
2.1.3. MED: Talent transfers tubes into a refrigerator.
2.2. In the morning, with a pipette, replace fixative with 0.1 molar phosphate buffer at pH 6.8 in the tubes [1]. Put the tubes on an orbital shaking table at 100 rpm and wash for 10 minutes [2]. Then, repeat the washing using fresh phosphate buffer 5 times [3].
2.2.1. CU: Talent removes fixative and adds buffer into tubes. Videographer: Take multiple shots, as this will be used later.
2.2.2. MED: Talent places tubes on a shaker, and starts timer from 10 min.
2.2.3. Use 2.2.1.
2.3. In a fume hood, post fix the root tips by replacing phosphate buffer with 2% osmium tetroxide and 0.2% ruthenium red in 0.1 molar phosphate buffer at pH 6.8 [1-TXT]. Put the tubes with lids open in a microwave and [2] start the program [3-LM]. 
2.3.1. CU: Talent removes PBS and adds another buffer into tubes. TEXT: CAUTION: Osmium is extremely hazardous!
2.3.2. MED: Talent shows tubes with lids open and places tubes into a microwave.
2.3.3. Table 1 – Video editor: emphasize program 9.
2.4. Then, discard the solution in the tubes, and wash the root tips twice with double-distilled water for 5 minutes each [1]. For the third and fourth double-distilled water wash [2], use microwave to assist the wash [3-LM]. 
2.4.1. CU: Talent discards solution in the tubes, adds water into tubes, and starts timer.
2.4.2. MED: Talent adds water into tubes, and places them into the microwave.
2.4.3. Table 1 – Video editor: emphasize program 15 with ddH2O
2.5. After the first 40-second double-distilled water wash, take the root tips samples out of the microwave and replace the double-distilled water with fresh double-distilled water [1]. Put the samples back in the microwave and continue the program [2].
2.5.1. MED: Talent takes out tubes, with view of the microwave showing 40 s has passed. Then, talent replaces water in the tubes.
2.5.2. MED: Talent places tubes back to the microwave to continue the program.
2.6. Next, prepare TCH solution by adding 0.1 gram of thiocarbohydrazide to 10 milliliters of double distilled water in a 15-milliliter tube [1-TXT]. Place the tube in an oven, and heat at 60 degrees Celsius for 1 hour to dissolve [2].
2.6.1. MED: Talent adds powder into water. TEXT: TCH: thiocarbohydrazide
2.6.2. MED: Talent places the container into an oven, and adjusts setting.
2.7. Then, filter the TCH solution using a 0.22-micrometer syringe filter [1]. Immediately replace the solution in the sample tubes with the filtered TCH solution, and continue with the rest microwave wash steps [2].
2.7.1. CU: Talent filters the solution.
2.7.2. CU: Talent replaces solution in the tubes.
2.8. Now, immerse the samples in ethanol, and place them into the microwave to dehydrate [1] in graded steps of 50%, 70%, 90%, and then twice of 100% ethanol treatment [2-LM].
2.8.1. MED: Talent replaces solution with ethanol in tubes.
2.8.2. Table 1 – Video editor: emphasize program 10.
2.9. After Propylene oxide dehydration treatment, add 50% Spurr’s resin into the tubes to start infiltration of the root tips for a minimum 2 hours [1-TXT].
2.9.1. CU: Talent adds resin into tubes. TEXT: CAUTION: Spurr’s resin components are irritants!
2.10. After the final incubation in 100% Spurr’s resin, place the root-tips in embedding molds and fill the molds with fresh 100% Spurr’s resin [1], and polymerize in an oven at 65 degrees Celsius for 36 to 48 hours [2].
2.10.1. CU: Talent transfers the samples into molds.
2.10.2. MED: Talent places the molds into an oven.
3. Prepare Embedded Samples for Imaging
3.1. First, use a razor blade to roughly trim the polymerized sample into a thin block [1-TXT]. With the side having exposed tissue facing down, attach the sample to the center of a metal pin with conductive epoxy resin to have the tissue touching the metal pin [2]. Place the sample in an oven at 65 degrees Celsius to cure the epoxy overnight [3].
3.1.1. CU: Talent trims the sample. TEXT: Max. 0.5 mm x 0.5 mm x 0.5 mm
3.1.2. ECU: Talent shows the exposed tissue, and attach the sample to a metal pin.
3.1.3. MED: Talent places the sample in an oven.
Author comment: To supplement the video’s made on the day of the shoot, we also made OBS movies here to show the trimming of the sample and the final result for each step (for steps 3.1.1, 3.1.2, 3.2.1 and 3.3.2). 
[bookmark: _GoBack]Downside: the computer connected to the dissection microscope is quite old and the movies lag a lot. However, we think that pieces or screenshots of them can be used to clarify the steps.
For dissection: step 3.1.1 seconds 10-43 and 3m32 – 4m00 are most important.
3.2. In the morning, load the metal pin into the carrier and use a razor blade to remove any excess epoxy from the sample [1]. To further smooth the face of the sample, load the carrier with the metal pin in the holder for the ultramicrotome..[2].
3.2.1. CU: Talent uses a razor blade to remove excess epoxy.
3.2.2. MED: Talent places the carrier with the metal pin into the holder on the ultramicrotome. Focus on the hand and the carrier.
3.3. In the ultramicrotome, use a diamond knife to smooth the face and sides of the block [1], forming a pyramid. Make sure that at least some of the tissue is already exposed on the block-face [2].
3.3.1. MED: Talent operates on the ultramicrotome. Author comment: Holder stays on the microtome – already shot in 3.2.2
3.3.2. CU: Talent uses a diamond knife to smooth the sample. 
3.3.3. [Split Shot] SCREEN: Show the exposed tissue. Author comment: OBS movies
3.4. Then, place the trimmed sample block in the sputter coater [1] and adjust the settings to platinum at 2-5 nanometers to coat the sample with a thin layer [2].
3.4.1. MED: Talent places the sample in the sputter coater.
3.4.2. MED: Talent adjusts the coater settings. Author comment: 3.4.1&3.4.2 in one shot – also mentioned in the video shot on the day.
4. Imaging in the SBF-SEM (Serial Block Face Scanning Electron Microscopy) and Data Processing
4.1. Insert the carrier in the SBF-SEM (pronounce as S-B-F-S-E-M) microscope [1]. Bring the diamond knife close to the sample surface, and trim off the upper portion of the sample to remove the platinum layer and expose part of the tissue [2].
4.1.1. MED: Talent inserts carrier into SBF-SEM.
4.1.2. CU: Talent brings the knife close to the sample, and trims off upper portion.
4.2. Then, set the accelerating voltage to 1.5 to 2 kilovolts, and capture an image of the tissue [1]. Using Fiji software, select file-import-image sequence and locate the image stack to load the images [2].
4.2.1. SCREEN: Talent sets up accelerating voltage, and captures the image. Author comment: The uploaded movie shows: start of the imaging, moving the sample to the middle of the image, checking focus and starting an imaging run.
4.2.2. SCREEN: Talent locates the images. Author comment: The uploaded movie also shows converting to 8 bit at the end, but that can be left out (from sec 22 on)
4.3. After adjusting the image according to the manuscript, check the alignment by scrolling through the dataset [1]. Use the save command under the file menu to save the aligned dataset as a 3D-tif file [2].
4.3.1. SCREEN: Talent scrolls through the dataset. Author comment: The uploaded movie plays through the complete dataset, which takes quite a while.
4.3.2. SCREEN: Talent saves the 3D file.
4.4. Analyze the dataset carefully to see if ROI is included and contains the information that is needed for the biological question [1-TXT]. On the last image of the stack, which is the current block-face in the SBF-SEM microscope, select a new ROI for FIB-SEM (pronounce as FIB-S-E-M) imaging [2].
4.4.1. SCREEN: Talent checks the 3D image, and points to ROI. TEXT: ROI: regions of interest
4.4.2. SCREEN: Talent points to the new ROI in the last image. Author comment: The uploaded movie includes 4.4.1 and 4.4.2 together
5. Imaging in the FIB-SEM (Focused Ion Beam SEM)
5.1. After coating with platinum again, load the sample into the FIB-SEM [1] and use the secondary electron detector at 15 kilovolts and 1 nanoamp to locate the ROI identified in the SBF-SEM on the block-face [2].
5.1.1. MED: Talent loads the sample into FIB-SEM.
5.1.2. SCREEN: Talent adjusts secondary electron detector, and shows the ROI. Author comment: Two movies – the second movie (59480_5.1.2_ctnd.mp4 is essential as it shows the correlation between SBF-SEM and FIBSEM. The other movie (59480_5.1.2.mp4) shows the adjustment of SE detector and moving the stage. If needed this can be cropped – the first 30secs can be deleted.
5.2. Move and tilt the stage to bring the ROI on the sample into the coincidence point of the FIB and SEM beams [1] [2-LM]. Using the FIB beam and gas injection system, deposit a 1 micrometer protective layer of platinum on the surface above the ROI [3].
5.2.1. SCREEN: Talent moves and tilts the stage to brings ROI to coincidence point.
5.2.2. Figure 3A – Video editor: Show Figure 3A as in inset when VO says coincidence point.
5.2.3. SCREEN: Talent deposits a layer of platinum on the surface.  Author comment: Pt deposition takes >10 minutes. The movie shows the preparation before Pt deposition and the start of the depo (most important part: secs 16 – 35)
5.3. Next, using a low milling current ranging from 50 to 100 picoamps, mill fine lines into the platinum deposition for auto-focusing and 3D tracking during the imaging run [1]. Then, using a high milling current of 30 nanoamps, mill a trench of 30 micrometers in front of the ROI, creating the imaging surface for the SEM beam [2-TXT]. 
5.3.1. SCREEN: Talent mills using low current.  Author comment: The uploaded movies shows the preparation before and the milling.
5.3.2. SCREEN: Talent mills using high current. TEXT: Keep imaging at high currents to a minimum.  Author comment: The uploaded movie again shows preparation before and the start of the milling. Due to high current, we could not image longer without damaging the sample.
5.4. After smoothing the image surface, start the imaging run and monitor the stability of the process during the first 50−100 sections [1]. Once the system is running smoothly, leave the room and ensure that there is as little disturbance to the room as possible [2].
5.4.1. SCREEN: Talent starts the imaging run. Author comment: The uploaded movie shows the start of a run. Once started, the software first searches for the cross-face (secs 30 – 4m54) and after that starts imaging (5m24). The searching part can be shortened if needed.
5.4.2. WIDE: Talent leaves the room.
5.5. 

Section – Results
6. Results: SBF-SEM and FIB-SEM Data 
6.1. Images from the SBF-SEM provide an overview of the tissue, giving insight into the spatial orientation of cells and intercellular connections [1]. The subsequent FIB-SEM imaging on a new region, adds high-resolution detail of specific cells and structures [2].
6.1.1. Figure 4 – Video editor: emphasize Figure 4A
6.1.2. Figure 4 – Video editor: emphasize Figure 4B
6.2. SBF-SEM data shows different rendering of the non-isotropic voxels from the isotropic voxel FIB-SEM data [1].
6.2.1. Figure 4 – Video editor: emphasize Figure 4C&D
6.3. SBF-SEM presents a ‘staircase’ effect in on the surface [1], while the FIB-SEM data having the 5-nanometer sections ensures that the rendering appears much smoother and individual sections blend into the surface completely [2].
6.3.1. Figure 4 – Video editor: emphasize Figure 4C
6.3.2. Figure 4 – Video editor: emphasize Figure 4D



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Anna Kremer: This protocol describes the imaging of a unique ROI in one single sample and any deviation from the workflow may cause damage to the sample, making it impossible to relocate the ROI [1].
7.1.1. INTERVIEW
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