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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: _FEI Tecnai G2 Polara_.
No, there’s no microscopy to record via an eyepiece, however a viewport can be filmed using an ECU.
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.) __2-9, 4-2, 4-3, 4-9_________________________________________

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.) ___________________________

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) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to help users establish a high-throughput collection and processing pipeline of cryo electron tomography. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dustin Morado: This method can help answer key questions in the cryo electron tomography field, such as how do I handle data collected with new generation detectors and process the huge amount of data produced by automated tilt series collection software. 
1.2. Dustin Morado: The main advantage of this technique is that the user can configure multiple software packages in a unified manner, defining an efficient pipeline for automated tilt series processing allowing for more time to be spent on tomogram analysis.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jun Liu: Generally, individuals new to cryo-ET will struggle because many tedious steps are required to handle massive data generated from the electron microscope. 
1.4. Jun Liu: We first had the idea for this development five years ago, when we had to manually go through hundreds of steps to get a 3-D reconstruction of a bacterium. 
Protocol (read by voice talent at JoVE):

2. Low-Magnification Map Collection
2.1. In advance, consult the text protocol on preparing the Shigella flexneri minicells. [LM]
2.1.1. Figure 2

2.2. Then, prepare the electron microscopy grids as explained by an existing JoVE publication and also documented in the text protocol. [see below / TEXT]
TEXT: Electron Cryoelectrontomography of Bacterial Cells. J. Vis. Exp. 39, e1943, doi: 10.3791/1943 (2010).
Editor, reuse footage from the above video: show from 3:03 for as long as needed
2.3. After having loaded the EM stage [2.3.1-WID] with a collection of minicells embedded in vitrified ice, [2.3.2-CU] start collecting low-magnification maps for the tilt-series using SerialEM.  Open a new window.  [2.3.3-MED]

2.3.1. Establish talent at EM, loads sample on stage

2.3.2. Detail of sample being loaded onto stage

2.3.3. Talent gets situated at computer and open new window in Serial EM software

2.4. While viewing the fluorescent screen at low magnification of about 2,300 X, find grid squares that are acceptable to image.  [2.4.1-ECU] This location should contain thin ice, and the subject of interest with no contaminants.  [2.4.2-LM]
2.4.1. Viewport view of searching for a good area on the grid to image

Videographer: if the viewport’s view is good, follow the talent’s suggestions of when it might be advantageous to have other shots of the viewport’s view.  These shots should be added to the script where applicable.

2.4.2. To be provided by authors – a screen capture video showing the above steps (e.g. actions in 2.4 only, not 2.4 and 2.5)
2.5. After finding the location to image, adjust the stage to a eucentric height.  Tilt the specimen holder to 50 degrees.  Then, adjust the Z-height until the X-Y translation of the stage is very similar between the tilted and flat views of the stage. [LM]
2.5.1. To be provided by authors – a screen capture video showing the above steps

2.6. Next, adjust the view to the center of the grid square and click on the Add Stage Position button to save the location.  Then, repeat the process until all the acceptable grid squares have had their locations saved. [LM]
2.6.1. To be provided by authors – a screen capture video showing the above steps

2.7. The next step begins with opening a new montage file.  [CU]

2.7.1. Low angle on talent’s hands operating mouse/keyboard with screen in backdrop
2.8. In the setup dialog, set the X and Y so that the entire grid square is captured.  For a standard 200 mesh grid, make a ten-by-ten space with a high binning value, like eight.  Also toggle the Move Stage Instead of Shifting Image option and the Skip Correlations Used to Align Pieces option.  [LM]
2.8.1. To be provided by authors – a screen capture video showing the above steps

2.9. Now, in the navigator window, select the first stage position to be acquired using the Acquire toggle.   Continue doing this for each stage position. [LM]
2.9.1. To be provided by authors – a screen capture video showing the above steps

2.10. Next, under the Navigator menu, click on Acquire at Points.  In the dialog box that opens up, toggle Acquire map image and Rough eucentricity.  Un-toggle all the other options.  Then, click Proceed, and a montage will be made for each stage position. [LM]
2.10.1. To be provided by authors – a screen capture video showing the above steps

3. Tilt-Series Collection
3.1. Continue working with the Serial EM software.   [MED]
3.1.1. Establish talent at computer, should be loading image map
3.2. In the navigator, select the acquired maps and click on Load map.  Then, click on Add Points and select the points on the map where the tilt series should be acquired.  After making the selections, click Stop Adding Points, and repeat the process with each collected map. [LM]

3.2.1. To be provided by authors – a screen capture video showing the above steps, show two consecutive maps being worked on
3.3. Next, open the parameters under the Camera menu and set the Focus, Trial and Record modes.  The option to record dose-fractionated data may be of special interest and that can be specified under the Record options. [LM]

3.3.1. To be provided by authors – a screen capture video showing the above steps
3.4. To proceed, select one of the points in the currently viewed map, and toggle the Tilt-Series option in the navigator window.  In the dialog box that opens, choose the parameters for the tilt-series.  [LM]

3.4.1. To be provided by authors – a screen capture video showing the above steps
3.5. Then, repeat the process of toggling Tilt-Series option for each of the selected points in the map. [LM]

3.5.1. To be provided by authors – a screen capture video showing the above steps
3.6. Next, from the navigator, start the Acquire at Points option. Under the dialog box toggle the preliminary tasks, Realign to Item … Autofocus … and Rough Eucentricity. [LM]

3.6.1. To be provided by authors – a screen capture video showing the above steps
3.7. Then, set the primary task to Acquire tilt series and choose Close column valves at end to close the column when all the points have been collected. When the process is executed, a tilt-series will be collected at each point toggled for tilt series collection in each map. [LM]

3.7.1. To be provided by authors – a screen capture video showing the above steps
4. High-throughput Automated Tilt-Series Processing and Reconstruction using tomoauto
4.1. To begin this process, in the computer’s browser, [4.1.1-MED] make a folder that contains all the tilt-series files, the output log from SerialEM and the individual dose-fractionated images. [4.1.2-LM]

4.1.1. Establishing shot of talent working at computer, makes a folder
4.1.2. To be provided by authors – a screen capture video showing the above steps
4.2. Next, perform the optional correction for beam-induced motion when using dose-fractionated data.  In the terminal, execute the dose fractioned to stack command to remove the beam-induced motion artifact. [LM/TEXT]

4.2.1. To be provided by authors – a screen capture video showing the above steps

TEXT:  dose_fractioned_to_stack <filename.st>
4.3. Proceed with aligning and reconstructing the tilt series. [MED]

4.3.1. Pan around the computer/desk setting with talent at computer

4.4. Type in tomoauto command in the terminal as follows.  To the command, append the filename of the tilt-series to process followed by the fiducial diameter in nanometers.  If CTF processing is not desired, simply omit the option from the command. [LM/TEXT]

4.4.1. To be provided by authors – a screen capture video showing the above steps
TEXT: tomoauto –-CTF –-mode=align <filename.st> <fid_diam>
4.5. Dustin:  This command is the main use of tomoauto, allowing users to execute all of the processes involved in aligning a tilt series, which originally required manual user intervention, in a single command allowing users to quickly script batch processing.  [MED/WID]
4.5.1. Interview with Dustin at computer

4.6. Now, using the 3dmod command, look over the aligned tilt-series for any glaring errors.  Type in the filename with no suffix. [LM/TEXT]

4.6.1. To be provided by authors – a screen capture video showing the above steps
TEXT: 3dmod <filename>.ali
4.7. Then, inspect the estimated CTF with the command shown here.   Again, do not add the suffix to the filename in this command. [LM/TEXT]

4.7.1. To be provided by authors – a screen capture video showing the above steps
TEXT: submfg <filename>_ctfplotter.com
4.8. Also, in the output log produced by the tomoauto command, check the residual error of the alignment.  This is a quantitative measure of the alignment’s overall quality. [LM/TEXT]

4.8.1. To be provided by authors – a screen capture video showing the above steps
TEXT: vim <filename>_tomoauto.log
4.9. If the alignment is acceptable, then proceed with computing the reconstruction.  This command is set to correct the CTF and erase the fiducial markers from the tilt-series. [LM/TEXT]

4.9.1. To be provided by authors – a screen capture video showing the above steps
TEXT: tomoauto --CTF --mode=reconstruct <filename.st> <fid_diam>
4.10. To skip the visual inspection and go directly to the reconstruction, use this command. [LM/TEXT]

4.10.1. To be provided by authors – a screen capture video showing the above steps
TEXT: tomoauto --CTF <filename.st> <fid_diam>
4.11. Tomoauto has many accessible options.  [MED]

4.11.1. Talent working with tomoauto

4.12. One in particular is the ability to include local configurations described by an auxiliary file according to the tomoauto documentation.  Include this file’s name in the command line dialog using the “L” option, before appending the tilt series file name. [LM/TEXT]

4.12.1. To be provided by authors – a screen capture video showing the above steps
TEXT: tomoauto [options] --local-configuration <local_config> <filename.st> <fid_diam>
4.13. Dustin: The ability to create local configuration files is the most powerful feature of tomoauto allowing users to fully configure every command used tuning the execution to specific or difficult datasets while maintaining automated processing.     [MED/WID]
4.13.1. Interview with Dustin at computer
4.14. Within the text protocol are additional instructions on how to execute sub-tomogram averaging. [LM]
4.14.1. To be provided by authors – a screen capture video showing anything interesting that would be seen while executing sub-tomogram averaging
SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name the file according to the shot number.  Then, upload each of these files to your project folder.
5. Results: Tomogram and Sub-tomogram Views of S. flexneri 
5.1. Following the described protocols, two aligned tilt-series were made with tomoauto.  The fine alignment is calculated from a model that ideally defines fiducial marker coordinates.  
5.1.1. Figures 5A
5.2. At 50 degrees, one tilt-series tracked the gold particles correctly, indicating an acceptable alignment.
5.2.1. Figures 5B
5.3. While in the case of the second tilt series …
5.3.1. Figure 5C
5.4. … several model points, shown in red, strayed from their corresponding gold marker, illustrating the model did not produce a suitable alignment.
5.4.1. Fig 5D
5.5. When tilt-series are collected, tomoauto successfully aligns 80 to 90% of the collected tilt-series.
5.5.1. Movie 2
5.6. After reconstruction, the final tomogram is a 3-D volume of the imaged sample.  This can then be used for cellular annotation by segmentation, or sub-tomogram averaging to obtain higher resolution information of the molecular machinery within the sample. 
5.6.1. Movie 3
5.7. The 2.7-nanometer sub-tomogram average of the intact Shigella flexneri deposited in the EMDB, shows the large improvement of this technique ...
5.7.1. Figure 7
5.8. … over viewing the injectisome in a single tomogram.
5.8.1. Figure 6B
6. Conclusion (said by authors on camera)
6.1. Dustin Morado: After watching this video, you should have a good understanding of how to collect and process cryo electron tomography data using SerialEM and tomoauto in an automated high-throughput manner
6.2. Dustin Morado: Once mastered, this technique can be used to collect almost 100 tilt series a day if it is performed properly and align a tilt series in 20 minutes.

6.3. Dustin Morado: While attempting this procedure, it’s important to remember to always check the quality of tilt-series alignment. If a set of tilt series does not align well try aligning manually and transferring parameters to a local configuration.
6.4. Dustin Morado: Following this procedure, other methods like Sub-tomogram averaging can be performed in order to answer additional questions like determining the higher resolution structure of macromolecular complexes.
6.5. Dustin Morado: After its development, this technique paved the way for researchers in the field of Cryo-EM to explore high resolution in situ structures in bacteria, viruses, and other organisms.
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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