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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO 
  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.
We will need to test via a remote connection because we cannot install software on the main microscope computer. 
Actually, the entire protocol is visualized on screen in the control room, so other than headshots there is very little to film but much to edit.

3. Filming location: Will the filming need to take place in multiple locations?   NO
If Yes, how far apart are the locations? 

Current Protocol Length

Number of Steps:  25
Number of Shots:  36 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED:  
1.1. Michael Elbaum: TEM tomography is used for imaging of cells, but it is very limited in terms of specimen thickness. FIB-SEM and Soft X-ray tomography can be used for larger samples, but at lower resolution. STEM tomography fills this gap perfectly.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B roll: 2.3.1, 2.3.2

1.2. Peter Kirchweger: STEM tomography provides a look at micron-thick specimens with resolution of a few nanometers. The combination with cryogenic preparation lets us look at biological cells or sections in 3D.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.4.1


OPTIONAL: 

1.3. Sharon Wolf: Review the basics of STEM optics in order to understand image formation. Ensure that the service engineer has aligned the microscope well for STEM and low mag STEM modes and that the calibration steps look like those in the video.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Videographer: Obtain headshots for all authors. 


1.4. 

Protocol
Videographer: Please capture multiple shots of talent clicking the icons and scrolling the mouse. 
2. [bookmark: _Hlk126314255]STEM Setup

2.1. To begin, load the column alignment file and open Column Valves. If using a side-entry cryo-holder, open Cryo-shield [1] and start in the TEM (T-E-M) mode. The beam should appear on the screen. Lower the magnification if the beam does not show up [2].
2.1.1. [bookmark: _Hlk126314295]SCREEN: Column alignment file is being loaded and Column Valves is being opened.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=19840908
2.1.2. SCREEN: TEM mode is being started and the beam is being shown.

2.2. [bookmark: _Hlk126314336]Bring the microscope to eucentric focus by pressing the button on the control panel [1]. Set the spot size to a convenient value for visualizing the fluorescent screen directly or with the built-in camera [2].
2.2.1. Talent presses the button on the control panel.
2.2.2. SCREEN: The spot size is being set, and the fluorescent screen is being visualized.	Comment by Sharon G  Wolf: Up to here is movie 1

2.3. Set the microscope to STEM (Stem) mode and verify that the focus uses the condenser lenses rather than the objective [1]. Set eucentric focus and go out of diffraction mode for initial adjustments [2].
2.3.1. SCREEN: The microscope is being set to STEM mode, and the condenser lens is being verified.
2.3.2. SCREEN: Eucentric focus is being set and initial adjustments are being made.	Comment by Sharon G  Wolf: Up to here is movie 2

2.4. Go out of diffraction mode. Ensure the beam is not blank, and reduce the magnification until the beam appears on the screen [1]. Adjust the beam shift to the center and increase the magnification in steps up to 70kx while keeping the beam in the center [2]. 	Comment by Pallavi  Sharma: Authors: Please provide the pronunciation guide for kx

2.4.1. SCREEN:  Go out of diffraction mode. The beam is being checked. The magnification is being reduced and the beam appearing on the screen is being shown.
2.4.2. SCREEN: the beam shift is being adjusted and the magnification is being increased.
2.5. Then insert the desired condenser aperture, typically 50 micrometers for microprobe mode, and check the aperture centering [1].
2.5.1. SCREEN: The condenser aperture is being inserted, and the aperture centering is being checked.
2.6. While turning the focus knob back and forth [1], the spot should expand and contract but remain in place, as if a plane cuts an imaginary vertical hourglass. If the aperture is not centered, the illumination will shift laterally, as if the hourglass were tilted [2].
2.6.1. Talent adjusts the focus knob.
2.6.2. SCREEN: The changing spot is being shown.

2.7. Bring the beam to focus, press Intensity List Focus in the alignments tab, or return to eucentric focus. Readjust the beam position to the center and adjust the rotation center [1]. 
2.7.1. SCREEN: The beam is being focused, and Intensity List Focus is being pressed. The beam position is being centered, and the rotation center is being adjusted. 

2.8. Now, turn the focus step wheel to the minimum or one step above so that the beam pulses gently, and ensure it remains stationary as the focus moves up and down [1]. Select the pivot points and bring the two points together with X and Y adjustments [2].

2.8.1. The focus step wheel is being turned.	Comment by Sharon G  Wolf: Up to here is movie 3
2.8.2. SCREEN:  First focus the beam using focus, then The pivot points are being selected, and the X-Y adjustments are being made.

2.9. Defocus the beam slightly so that rings appear in the illumination pattern, and aAdjust the condenser stigmators to make them the beam round. Go up and down through focus to optimize. There should be no tendency to elongate in one direction or the other when passing through focus [1].
2.9.1. SCREEN: The beam is being defocused, and the rings are being appeared in the illumination pattern. The Condenser stigmators are being adjusted.

2.10. Normalize the lenses. Then, increase the magnification progressively to about 250kx while using the beam shift to keep the spot centered, and repeat the rotation center and pivot point adjustments [1]. Return to diffraction mode. At this stage the beam should appear as a uniform disk on the fluorescent screen [2].
2.10.1. SCREEN: The lenses are being normalized, and the magnification is being increased, and the direct alignments are done again at high magnification..
2.10.2. SCREEN: The diffraction mode is being clicked, an the beam is being shown on the screen. Beam is returned to diffraction mode. Check that its uniform disk on screen.

2.11. As in X-ray crystallography, the camera length now effectively controls the optical distance to the detector. Change it and watch as the disk contracts and enlarges, as if the screen location would move toward or away from the specimen. This cone represents the bright field illumination [1]. 
2.11.1.  SCREEN: The camera length is being changed, and the disk contracting and expanding is being shown. 

2.12. ((To engage STEM mode at high magnification, start with the BF STEM (Bright-field-Stem) detector, bring the stage to an area with an empty hole, and adjust the diffraction alignment to center the beam using the desired camera length [1-TXT].
2.13. 
2.13.1. SCREEN: The BF STEM detector is being started. The stage is being brought to an empty hole and the diffraction alignment is being adjusted. TXT: See 
2.13.2. manuscript if the microscope is equipped with HAADF detector only.))	Comment by Sharon G  Wolf: Up to here is movie 5

2.14. Turn on BF marking on the screen, reduce CL to 330, Lift the screen, insert detectors. Start a scan in the microscope software and adjust the brightness and contrast settings as described in the manuscript. Use the scope display to assist and iterate the adjustment several times [1].	Comment by Sharon G  Wolf: Up to hear is movie 6
2.14.1. Activate BF marking on screen, and reduce the CL to 330mm. 
2.14.2. SCREEN: A scan is being started in the microscope software (TIA) and the brightness and contrast is being adjusted. The scope display is being used.	Comment by Sharon G  Wolf: Up to here is movie 7

2.15. Return the microscope to a relatively low magnification in the high magnification register without entering low magnification mode [1]. Note the screen current for reference. As in TEM, the current can be changed with the gun lens and spot size settings, with increasing numbers corresponding to a reduced current [2].
2.15.1. SCREEN: The microscope is being returned to low magnification in the high magnification register.
2.15.2. SCREEN: The screen current is being noted.

2.16. At this point, save a FEG (F-E-G) register to facilitate a return to standard values [1]. 
2.16.1. SCREEN: FEG register is being saved.	Comment by Sharon G  Wolf: Up to here is movie 8

3. [bookmark: _Hlk126314373]Placing the Specimen
3.1. In LM (L-M) TEM mode, find a grid square for making initial adjustments. Find some empty area, a hole or a torn grid square and record the stage positions to return to them conveniently [1-TXT].	Comment by Sharon G  Wolf: Movie 9 is inserting the sample
3.1.1. Insert the specimen
3.1.2. SCREEN:  The grid is being checked in the LM TEM mode. The grid square is being chosen, and the stage position is being recorded. TXT: Ensure the grid is not opaque	Comment by Sharon G  Wolf: 	Comment by Peter Kirchweger: Movie 10

3.2. Bring the sample to eucentric height. There are several methods to do this. For example, use the stage wobbler to tilt the grid while moving the specimen height along the Z-axis until the image stops shifting laterally. Alternatively, mark some features on the viewing screen and tilt the stage to 5 degrees. The feature will move laterally [1].  
3.2.1. SCREEN: The sample is being brought to the eucentric height.	Comment by Peter Kirchweger: Movie 11

3.3. Alternatively, mark some features on the viewing screen and tilt the stage to 10-30 degrees. The feature will move laterally [1]. Adjust the specimen height to bring it back to its original position. Increase the magnification or stage tilt to refine and return the tilt to zero degrees [1].
3.3.1. SCREEN: The specimen height is being adjusted, the magnification of stage tilt is being increased, and the tilt is being returned to 0.	Comment by Peter Kirchweger: Movie 12


3.4. Now return to STEM mode and insert the STEM detector. Go to the lowest high magnification mode. Ensure that an image is observed on the computer screen. Scan rapidly to avoid unnecessary exposure. The image may appear distorted at the left border when the scan is excessively fast [1].
3.4.1. SCREEN: The STEM mode is being selected, and the STEM detector is being inserted.  The lowest high magnification (SA) mode is being selected, and the scan is being performed.	Comment by Peter Kirchweger: Movie13

3.5. Press Eucentric Focus, increase the magnification and refine the focus while scanning using the focus loupe provided by the microscope [1]. 
3.5.1. SCREEN: Eucentric Focus is being pressed, magnification is being increased, and the focus is being refined.

3.6. Tune the condenser astigmatism by the Ronchigram method. With the beam over a thin sample area, focus on the point where the transmitted beam blows up in between shadow images of the sample on either side [1]. Then, adjust the condenser tuning to make the central disk round. This requires some practice, especially for cryogenic samples [2]. 
3.6.1. SCREEN: The condenser astigmatism is being tuned using the Ronchigram.	Comment by Peter Kirchweger: Movie 14

3.6.2. The condenser is being adjusted.

3.7. Go back to the 50 µm Aperture and update the FEG register
3.7.1. SCREEN: insert the 50 µm Aperture and update the FEG register

3.8. Go to LM STEM mode and continue scanning to find an interesting area. If necessary, readjust the detector brightness and contrast settings roughly at this point [1].
3.9. 
3.10. 
3.11. SCREEN: LM STEM modeand mode and another area are being selected. The detector brightness and contrast settings are being adjusted.	Comment by Peter Kirchweger: Movie 15
3.11.1. 

3.12. Press Eucentric Focus, increase the magnification and refine the focus while scanning using the focus loupe provided by the microscope [1], and check the astigmatism on gold beads. 
3.12.1. SCREEN: Eucentric Focus is being pressed, magnification is being increased, the focus is being refined, and the astigmatism is being checked to get round gold beads.
3.13. Everything is performed until now in nanoprobe mode. Notice that if you insert a smaller condenser aperture, the semi-convergence angle decreases, which is helpful for thick samples. An alternative approach with TFS instruments is to switch to microprobe mode. Note the reduced semi-convergence angle. Adjust camera length in order to have the collection angle 3 times larger than the convergence angle, i.e. the BF detector area markings on the screen are around three times larger than the beam.
3.13.1. SCREEN: Point out the condenser aperture and the semi-convergence angle, change the condenser aperture, and point out the changed semi-convergence angle. Change the microscope to microprobe mode, point out the changed semi-convergence angle. 
3.13.2. SCREEN: Change the camera length and show the changed ratio of acceptance angle to beam size on the screen.

4. Recording an Image
4.1. Estimate the dose for recording using an equation. As a rule of thumb, aim for 100–150 electrons per square Angstrom for the whole tomogram [1]. 
4.1.1. Text on plain background

4.2. Return the stage to a hole [1] and adjust the beam current using spot size and/or gun lens settings to reach the desired screen current [2-TXT].
4.2.1. The stage is being returned to the hole.
4.2.2. SCREEN: Point out the beam current and reduce it by changing the Spot Size. The beam current is being adjusted. TXT: Check the text for details


4.3. Refine the brightness and contrast settings shown earlier and return the stage to an area of interest [1]. Recheck direct alignments and astigmatism under imaging conditions and acquire a test image [2].
4.3.1. SCREEN: The stage is being returned to the area of interest.
4.3.2. SCREEN: The image is being checked for alignments and astigmatism and a test image is being captured.




Results
5. Results: Visualization of the Organelles 
5.1. Full low magnification GridMap (Grid-Map) recorded in STEM mode shows the areas with cells of interest. Cells appear partly bright, with electrons scattered toward the HAADF (H-A-A-D-F) detector [1].
5.1.1. LAB MEDIA: Figure 4
5.2. [bookmark: _Hlk126314412]Medium-resolution map recorded in STEM mode displayed two medium-resolution anchor maps [1]. Zero degrees tilt of a STEM tilt series [2] allowed the visualization of the calcium phosphate deposits [3], cristae [4], and gold fiducial markers of a mitochondrion [5].
5.2.1. LAB MEDIA: Figure 10
5.2.2. LAB MEDIA: Figure 12
5.2.3. LAB MEDIA: Figure 12 Video editor: Emphasize the yellow arrowheads
5.2.4. LAB MEDIA: Figure 12 Video editor: Emphasize the green arrowheads
5.2.5. LAB MEDIA: Figure 12 Video editor: Emphasize the red arrowheads

5.3. Volume rendering of 60 nanometers and 40 nanometer thick sections are shown  [1].
5.3.1. LAB MEDIA: Figure 14




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements	Comment by Pallavi  Sharma: Authors: Since you did not provide any conclusion statement, I moved an introductory statement here

6.1. Michael Elbaum: Cryo-STEM tomography, or CSTET, provides a bridge between structural biology and cell biology, as well as a context for super-resolution fluorescence microscopy. We can see the cellular theater in a near native state, without the loss of material to sectioning or lamella preparation.
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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