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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.8, 3.5, 3.7, 4.3, 5.4, 5.11
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 3.3, 5.11
C.G.: Most of the procedures in the protocol are semi-automated. The quality of the final result will rather depend on the quality of the input data. In this context, it is necessary and critical to carefully inspect intermediate and most importantly final results.
[bookmark: Introduction]E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this procedure is to determine the structure of macromolecular complexes by single-particle analysis of electron cryo-microscopy (cry-oh-my-cross-kuh-pee /ˌkraɪ oʊ maɪˈkrɒs kə pi:/) data using the image processing software SPHIRE (sfire /sfaɪər/ or /sfajər/). (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Christos Gatsogiannis: Single-particle cryoEM is becoming a mainstream technology for studying macromolecule structures at near-atomic resolution. SPHIRE is a novel software package that enables semi-automated processing of cryoEM data in a user-friendly manner. 
1.2. Toshio Moriya: The main advantage of SPHIRE is the automatic validation mechanism. Most of the procedures need to be run only once and the results are objective and reproducible.

C. Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Michael Saur: High resolution cryoEM structures can be used to trace the position of individual residues, thereby providing critical insight into the organization and function of complex macromolecular machines.
1.4. Markus Stabrin: Individuals new to this method should keep in mind that obtaining a high-resolution structure will highly depend on the quality of the sample and the input data.

[bookmark: IntroStatements][bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.) [*Note: This will all be screen capture content.]
2. Micrograph Alignment and Particle Picking
2.1. To begin using the SPHIRE application, open the GUI (G-U-I) from the terminal.  [1-SCREEN] Open the utilities to display a cryo-microscopy image with e2display (E-2-display). [2-SCREEN] Use the built-in measurement tool to measure the longest particle axis in Å/px (angstrom per pixel). [3-SCREEN]
2.1.1. *To be provided by authors: Screen capture footage of sphire & being typed into the terminal and SPHIRE launching.
2.1.2. *To be provided by authors: Screen capture footage of clicking on the UTILITIES, the e2display utility being opened and a cryo-EM image being opened.
2.1.3. *To be provided by authors: Screen capture footage of using the measurement tool to measure the longest particle axis and using the cursor to point to the measured length in Å/px.
2.2. Open the project settings. Set the particle radius to at least half of the measured length. Set the particle box size to an even number at least 1.5 times the particle diameter. Set the CTF (C-T-F) window size to at least the particle box size. [1-SCREEN]
2.2.1. *To be provided by authors: Screen capture footage of clicking on the PROJECT panel to open the settings and filling in the CTF window size, particle box size, and protein particle radius. (Please use the cursor to briefly point to each field name before entering the value.)
2.3. Enter the point-group symmetry if known and the approximate molecular mass. Register the settings. [1-SCREEN] Next, in the MOVIE menu, open ‘Micrograph (my-kruh-graph /ˈmaɪ krəˌgræf/) Movie Alignment’. Set the ‘unblur’ (un-blur) and ‘summovie’ (sum-movie) executable file paths. [2-SCREEN]
2.3.1. *To be provided by authors: Screen capture footage of using the cursor to point out the name of and filling in the point-group symmetry and molecular mass fields, and then clicking ‘Register settings’.
2.3.2. *To be provided by authors: Screen capture footage of clicking on the MOVIE icon, on ‘Micrograph Movie Alignment’, and selecting the unblur .exe for the ‘unblur executable path’.
2.4. Choose a raw, unaligned micrograph movie and replace the file name variable with a wildcard to set the input micrograph path pattern. [1-SCREEN]
2.4.1. *To be provided by authors: Screen capture footage (with the unblur and summovie file paths already set) of selecting an unaligned micrograph from the file browser and replacing the variable with an asterisk.
2.5. Name the output directory. Fill in the number of movie frames, the micrograph voltage, and the per-frame exposure. Run the process [1-SCREEN] to generate dose-weighted and dose-unweighted motion-corrected average micrographs. [2-SCREEN]
2.5.1. *To be provided by authors: Screen capture footage of filling in the output directory name, number of movie frames, micrograph voltage, and per-frame exposure, and then clicking ‘Run command’.
2.5.2. *To be provided by authors: Screen capture footage showing the micrograph output directories in a file window.
2.6. Next, open the CTER (C-ter /ˈsiː tər/) menu and select ‘CTF Estimation’. Set the dose-unweighted micrographs as the input. [1-SCREEN]
2.6.1. *To be provided by authors: Screen capture footage of clicking on the CTER icon, on ‘CTF Estimation’, selecting the dose-unweighted micrographs as the image for ‘Input micrograph path pattern’, and replacing the variable in the file name with an asterisk.
2.7. Name the output directory and fill in the data collection parameters. [1-SCREEN] Set the lowest frequency to 0.025 Å-1 and the highest frequency to 0.25 Å-1. Run the process to generate a list of CTF parameters. [2-SCREEN]
2.7.1. *To be provided by authors: Screen capture footage of using the cursor to point out the (now filled in) output directory and then the amplitude contrast, microscope spherical aberration, and microscope voltage fields.
2.7.2. *To be provided by authors: Screen capture footage of filling in the lowest and highest frequencies, and then clicking ‘Run command’.
2.8. Next, open the WINDOW menu and select ‘Particle Picking’. [1-SCREEN] Set the dose-weighted micrographs as the input and start the e2boxer (E-2-boxer) utility. [2-SCREEN] Perform particle picking manually or automatically. [3-SCREEN]
2.8.1. *To be provided by authors: Screen capture footage of clicking on the WINDOW icon and on ‘Particle Picking’.
2.8.2. *To be provided by authors: Screen capture footage of using the cursor to point to the dose-weighted micrograph file name pattern in the ‘Input micrographs’ field and clicking ‘Run command’.
2.8.3. *To be provided by authors: Screen capture footage of starting automatic particle picking in e2boxer and the process running.
2.9. Extract the picked particles into image stacks and [1-SCREEN] combine the stacks into a single virtual image stack in a BDB (B-D-B) database. [2-SCREEN]
2.9.1. *To be provided by authors: In the ‘Particle Extraction’ screen, with all required fields already filled in, screen capture footage of using the cursor to point out the ‘Particle Extraction’ button and then clicking ‘Run command’.
2.9.2. *To be provided by authors: In the ‘Particle Stack’ screen, with all required fields already filled in, screen capture footage of using the cursor to point out the ‘Particle Stack’ button and then clicking ‘Run command’.
3. 2D Classification and Initial 3D Modeling
3.1. Once the particles have been picked and stacked, open the ISAC (Isaac /ˈaɪ sæk/) menu and select ‘ISAC 2D Clustering’. Set the virtual image stack in the BDB database as the input. [1-SCREEN]
3.1.1. *To be provided by authors: Screen capture footage of clicking on the ISAC icon, on ‘ISAC – 2D Clustering’, on ‘Select .bdb’, and selecting the stack file of extracted particles.
3.2. Estimate the number of images per class. Fill in the remaining parameters and generate the 2D class averages. [1-SCREEN]
3.2.1. *To be provided by authors: Screen capture footage of filling in the number of images per class, then filling in the output directory name and checking ‘Phase-flip’, and then clicking ‘Run command’.
3.3. Once 2D classification is complete, use the ‘Display Data’ utility to view the validated, reproducible class averages. [1-SCREEN] Verify that multiple particle orientations are represented and the class averages are of satisfactory quality. [2-SCREEN]
3.3.1. *To be provided by authors: In the ‘Display Data’ submenu, with the class_averages.hdf file already entered in the input field, screen capture footage of using the cursor to indicate the ‘Display Data’ button, and then clicking ‘Run command’ and the class averages opening.
3.3.2. *To be provided by authors: Screen capture footage of using the cursor to point out instances of different particle orientations. The image should be zoomed in enough that the lack of blurriness or noise is evident.
3.4. Generate a new virtual image stack containing only particles belonging to the validated class averages. [1-SCREEN]
3.4.1. *To be provided by authors: In the ‘Create Stack Subset’ submenu, with all required fields already filled in, screen capture footage of using the cursor to indicate the ‘Create Stack Subset’ button, then the file names in the ‘Input image stack’ and ‘ISAC class file name’ fields, and then clicking ‘Run command’.
3.5. Next, open the VIPER menu and use the ‘Display Data’ utility to view the class averages. [1-SCREEN] Delete class averages of poor quality or showing identical views of the particle. [2-SCREEN] Save the remaining class averages to a new file. [3-SCREEN]
3.5.1. *To be provided by authors: Screen capture footage of clicking the VIPER icon, then the ‘Display Data’ button, selecting the class_averages.hdf file as the input, and clicking ‘Run command’.
3.5.2. *To be provided by authors: Screen capture footage of clicking ‘DEL’ in the middle-mouse menu and selecting at least one blurry/noisy image and at least one identical view of the particle.
3.5.3. *To be provided by authors: Once all bad class averages have been removed, screen capture footage of clicking ‘Save’.
3.6. Then, select ‘Initial 3D Model RVIPER’ (R-viper) and use the small selection of class averages as the input. Run the command to generate an initial reproducible 3D model of the protein. [1-SCREEN]
3.6.1. *To be provided by authors: Screen capture footage of clicking ‘Initial 3D Model – RVIPER’, selecting the new class average .hdf file, filling in the output directory name, clicking ‘Run command’, and the process starting.
3.7. Inspect the model in the molecular graphics program Chimera (kai-meer-uh /kaɪˈmɪər ə/). [1-SCREEN] Compare the model to a known structure of a homologous (hoh-mall-uh-gus /hoʊˈmɒl ə gəs/) protein or a domain from the protein of interest. [2-SCREEN]
3.7.1. *To be provided by authors: Screen capture footage of the model displayed in Chimera.
3.7.2. *To be provided by authors: Screen capture footage of fitting the crystal structure into the model.
3.8. Return to the VIPER menu in SPHIRE and select “Create 3D Reference”. [1-SCREEN] Generate an initial 3D reference model with the correct pixel size and a 3D mask. [2-SCREEN]
3.8.1. *To be provided by authors: Screen capture footage of using the cursor to point to the VIPER icon, and then clicking ‘Create 3D reference’.
3.8.2. *To be provided by authors: With all required fields filled in, screen capture footage of using the cursor to point out the text in the ‘Input volume’ and ‘Resample ratio source’ fields, clicking ‘Run command’, and the process starting.
4. 3D Model Refinement
4.1. Open the MERIDIEN (meh-ree-dyan /mɛx i:ˈdjæn/ (fr) /meʁidjɛ̃/)   menu and select ‘3D Refinement’. Fill in the input image stack and the initial 3D reference file paths. [1-SCREEN]
4.1.1. *To be provided by authors: Screen capture footage of clicking on the MERIDIEN icon and on ‘3D Refinement’, followed by filling in the input image stack and initial 3D reference.
4.2. Name the output directory and set the mask of the reference model as the 3D mask. Select ‘Apply hard 2D mask’. Set the starting resolution to between 20 and 25 Å and run the 3D refinement to produce the unfiltered half-volumes. [1-SCREEN]
4.2.1. *To be provided by authors: With the output directory now filled in, screen capture footage of selecting the reference model mask for the 3D mask field, followed by checking the ‘Apply hard 2D mask’ box, filling in the starting resolution, clicking ‘Run command’, and the process starting.
4.3. Then, view an unfiltered half-volume in Chimera. [1-SCREEN] Determine a binarization (by-nair-uh-zay-shun /ˌbaɪ nɛr əˈzeɪ ʃən/) threshold in which all protein densities are connected, but noise artifacts are not. [2-SCREEN]
4.3.1. *To be provided by authors: Screen capture footage of importing an unfiltered half-volume into Chimera.
4.3.2. *To be provided by authors: Screen capture footage of adjusting the binarization threshold until the density map is suitable.
4.4. Return to the MERIDIEN menu of SPHIRE and open ‘Adaptive 3D Mask’. [1-SCREEN] Enter the unfiltered half-volume input and binarization threshold. Name the output mask and run the process to generate a soft-edge 3D mask. [2-SCREEN]
4.4.1. *To be provided by authors: Screen capture footage of using the cursor to point to the MERIDIEN icon and clicking ‘Adaptive 3D Mask’.
4.4.2. *To be provided by authors: Screen capture footage of selecting the input volume file in SPHIRE’s file browser, filling in the binarization threshold, naming the output mask, and clicking ‘Run command’.
4.5. Then, open ‘Sharpening’ and select both unfiltered half-volumes. [1-SCREEN] Set the soft-edge half-volume 3D mask as the ‘User-provided mask’. [2-SCREEN]
4.5.1. *To be provided by authors: Screen capture footage of clicking ‘Sharpening’ and opening the file browser for the first unfiltered half-volume.
4.5.2. *To be provided by authors: With both unfiltered half-volumes filled in, screen capture footage of selecting the soft-edge 3D mask for ‘User-provided mask’.
4.6. Run the process, which merges the half-volumes and then filters and sharpens the merged volume. [1-SCREEN] Open the log file to view the final resolution estimate. [2-SCREEN]
4.6.1. *To be provided by authors: Screen capture footage of clicking ‘Run command’ and the process starting.
4.6.2. *To be provided by authors: Screen capture footage of opening the log file to show the final resolution estimate.
4.7. Generate a 3D map of the particle angular distribution of the input image stack generated during 3D refinement. [1-SCREEN] Open the sharpened and filtered 3D model in Chimera. Inspect the density map and its high-resolution features.  Open the angular distribution in Chimera and verify that the euler angles are isotropically distributed. [2-SCREEN]
4.7.1. *To be provided by authors: In the ‘Angular Distribution’ submenu, with all needed fields already filled in, screen capture footage of using the cursor to point to the ‘Angular Distribution’ button, then to the file name in the ‘Alignment Parameter file’ field, and then clicking ‘Run command’.
4.7.2. *To be provided by authors: Screen capture footage of the sharpened, filtered model being displayed in Chimera, and then opening the angular distribution file in Chimera. Author note on 4.7 as a whole: “This is one of the most important parts of the protocol, and we are concerned that the video script is very short relative to the movie. That ‘s why we added a short sentence to the video script”
5. 3D Group Sorting and Local Resolution Estimation
5.1. Open the SORT3D (sort-3-D) menu and select ‘3D Variability Estimation’. [1-SCREEN] Generate a 3D variability map from the virtual stack of particle images belonging to the validated class averages. [2-SCREEN]
5.1.1. *To be provided by authors: Screen capture footage of clicking on the SORT3D icon and then on ‘3D Variability Estimation’.
5.1.2. *To be provided by authors: In the ‘3D Variability Estimation’ submenu, with all needed fields filled in, screen capture footage of using the cursor to point out the file name in the ‘Input image stack’ field, and then clicking ‘Run command’.
5.2. Generate a binarized (by-nuh-rized /ˈbaɪ nəˌraɪzd/) 3D mask from this variability map for the subsequent focused 3D clustering. [1-SCREEN]
5.2.1. *To be provided by authors: In the ‘Binary 3D Mask’ menu, with all needed fields filled in, screen capture footage of using the cursor to point to the ‘Binary 3D Mask’ button, then to the text in the ‘Input volume’ and ‘Binarization threshold’ fields, followed by clicking ‘Run command’.
5.3. Then, open ‘3D Clustering RSORT3D’ (R-sort-3-D) and select the directory of the previous 3D refinement as the input. [1-SCREEN] Name the output directory and set the global and focused 3D masks. Use at least 5,000 to 10,000 images per group for large datasets. [2-SCREEN]
5.3.1. *To be provided by authors: Screen capture footage of clicking ‘3D Clustering – RSORT3D’ and selecting the input 3D refinement directory.
5.3.2. *To be provided by authors: With the input directory, output directory, ‘3D mask’, and ‘Focus 3D mask’ filled in, screen capture footage of using the cursor to indicate the fields for the output directory and the masks, followed by filling in the images per group.
5.4. Run the sorting process to generate volumes of each homogeneous (hoe-muh-jee-nee-us /ˌhoʊ məˈʤi: ni: əs/) 3D group. Use Chimera to identify the structure with the highest apparent resolution. [1-SCREEN]
5.4.1. *To be provided by authors: Screen capture footage of comparing the volumes in Chimera, and then selecting the structure with the highest apparent resolution. Author note: “The gray volume is the one with the highest resolution. The resolution value is indicated by the cursor in the movie.”
5.5. Return to the SORT3D menu in SPHIRE and open ‘Local Subset Refinement’. Set the ‘Subset text file path’ to the particle ID cluster file corresponding to the highest-resolution structure. [1-SCREEN]
5.5.1. *To be provided by authors: Screen capture footage of using the cursor to point to the SORT3D icon and then clicking ‘Local Subset Refinement’, followed by clicking ‘Select Parameter’ and selecting the text file of particle IDs.
5.6. Set the ‘3D refinement directory’ to the directory containing the unfiltered half volumes and the ‘Restarting iteration’ to the highest-resolution iteration from the previous 3D refinement. Run the command to generate local unfiltered half-volumes. [1-SCREEN]
5.6.1. *To be provided by authors: Screen capture footage of selecting the 3D refinement directory, filling in the restarting iteration, clicking ‘Run command’, and the process starting.
5.7. Then, create a soft-edged 3D mask from one of the local half-volumes. [1-SCREEN] Merge the local half-volumes and sharpen the merged volume without applying a low-pass filter. [2-SCREEN]
5.7.1. *To be provided by authors: In the Adaptive Mask submenu, screen capture footage of selecting an unfiltered half-volume of the local subset as the input.
5.7.2. *To be provided by authors: In the Sharpening submenu, with all needed fields filled in, screen capture footage of indicating the file names in the first and second unfiltered half-volume fields and that a low-pass filter will not be applied.
5.8. Next, open the LOCALRES (local res, as in resolution) menu and click on ‘Local Resolution’. Select the local half-volumes. [1-SCREEN]
5.8.1. *To be provided by authors: Screen capture footage of clicking the LOCALRES icon, then clicking ‘Local Resolution’, followed by browsing to the first local half-volume.
5.9. Then, select the local soft-edged mask. Set the ‘Overall resolution’ to the absolute resolution estimated when sharpening the merged local volume. Calculate the local resolution of the volume. [1-SCREEN]
5.9.1. *To be provided by authors: In the ‘Local Resolution’ submenu, with all needed fields filled in, screen capture footage of using the cursor to show the local half-volumes, the local soft-edged mask and the overall resolution, and then clicking ‘Run command’.
5.10. Next, open ‘3D Local Filter’. Set the sharpened, unfiltered local volume as the input. Select the local resolution map and soft-edged 3D mask. Apply the local resolution filter to the sharpened volume to produce the final 3D model. [1-SCREEN]
5.10.1. *To be provided by authors: In the ‘3D Local Filter’ submenu, with all needed fields filled in, screen capture footage of using the cursor to point to the ‘3D Local Filter’ button, followed by using the cursor to point to the file names provided for ‘Input Volume’, ‘Local Resolution File’, and ‘3D mask’, followed by clicking ‘Run command’.
5.11. Open the resulting volume and local resolution map in Chimera. Start the ‘Color surface’ tool…and choose the volume from the menu and the option to color the surface according to the locale. [1-SCREEN]
5.11.1. [bookmark: _GoBack]*To be provided by authors: In Chimera, screen capture footage of selecting the local resolution file in the ‘Color surface’ tool, adjusting the parameters, and applying the color surface to the model. Author note: “This is the analysis of the final result and actually the most important part of the protocol. Please do not cut this video too much (although the voice over is very short), since a novice user will not be able to reproduce this, without seeing the settings of the surface color tool.”
6. Results: High-Resolution 3D Modeling of TcdA1
6.1. The toxin complex TcdA1 (T-C-D-A-1) was imaged by cryo-microscopy. All images showed clearly discernible single particles [1-LM] and Thon-rings (tone /toʊn/) extending to a resolution of better than 4 Å in the power spectrum. [2-LM] The particles were selected using e2boxer and then were extracted into an image stack. [3-LM] Two-dimensional class averages were generated by iterative stable alignment and clustering, or ISAC. [4-LM]
6.1.1. 55448_gatsogiannis_Figure2b.tif
6.1.2. 55448_gatsogiannis_Figure2a.tif
6.1.3. 55448_gatsogiannis_particle_selection.mov (Length: 00:08)
6.1.4. 55448_gatsogiannis_Figure3a.tif
6.2. These class averages were used to calculate a reproducible 3D model with RVIPER. This model agreed well with the previously-solved crystal structure of TcdA1. [1-LM] Automatic 3D refinement of this model using MERIDIEN generated a near-atomic-resolution map. [2-LM]
6.2.1. 55448_gatsogiannis_initial_model_fit_crystal_structure.mp4 (Length: 00:17. Video editor: Please try to have the transition from opaque structure to translucent structure fall around “…RVIPER. This model…”)
6.2.2. 55448_gatsogiannis_Figure4a.tif and 55448_gatsogiannis_Figure4b.tif stacked vertically on the left side of the screen and 55448_gatsogiannis_3Drefinement.mov on the right side of the screen. (Essentially, the layout of Figure 4.)
6.3. 3D variability analysis indicated localized flexibility at the histidine-tagged (hiss-tih-dean /ˈhɪs tɪˌdi:n/) N-terminal region, the receptor-binding domains, and the TcB-binding (T-C-B) domain. [1-LM] Local resolution calculations were performed. The sharpened model was locally filtered and a color scale corresponding to local resolution was applied, showing topological agreement between areas of high variability and areas of low resolution. [2-LM]
6.3.1. 55448_gatsogiannis_Figure5.ai, left figure and labels only: During “the receptor-binding domains”, highlight ‘Receptor-binding domain A’, ‘…B’, and ‘…C’. During “the TcB-binding domain”, highlight ‘TcB-binding domain’.
6.3.2. 55448_gatsogiannis_Figure5.ai: On “a color scale…”, label the color scale with “Local Resolution (Å)”.
6.4. The final 3.5-Å-resolution cryoEM structure of TcdA1 showed clear densities for most side chains. A density map with this level of detail can be further used for de novo (day no-vo /deɪ ˈnoʊ voʊ/) atomic model building. [1-LM]
6.4.1. 55448_gatsogiannis_atomic_model.mp4 (Length: 00:14)
7. Conclusion (Said by you on camera. Don’t forget to smile!)
7.1. Toshio Moriya: Using this approach, a near atomic-resolution structure can be obtained within hours or a few days, without a priori structural information.
7.2. Toshio Moriya: While attempting this procedure, use only high-quality data and check intermediate results. Compositional and structural heterogeneity of the cryoEM sample might be a limiting factor for reaching near-atomic resolution. 
7.3. Christos Gatsogiannis: After watching this video, you should have a good understanding of how to use SPHIRE for cryoEM structure determination. 
7.4. Christos Gatsogiannis: As you have seen, the clustering routines included in SPHIRE will allow you not only to solve the structure of the protein of interest, but also to study conformational dynamics and thus, provide crucial mechanistic insight into complex molecular mechanisms. 
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint, or Photoshop files with dimensions of at least 720 x 480 pixels at 300 dpi or higher. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16911688

Please list all files that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· 6.1.1. – 55448_gatsogiannis_figure2b.tif 
· 6.1.2 – 55448_gatsogiannis_figure2a.tif
· 6.1.3 - 55448_gatsogiannis_particles_selection.mov: shows particle selection in e2boxer
· 6.1.4 - 55448_gatsogiannis_figure3a.tif
· 6.2.1. - 55448_gatsogiannis_initial_model_fit_crystal_structure.mp4 : shows initial model calculated by viper and comparison to the crystal structure
· 6.2.2- 55448_gatsogiannis_figure4a.tif
· 6.2.2- 55448_gatsogiannis_figure4b.tif
· 6.2.2 - 55448_gatsogiannis_3Drefinement.mov – shows resolution improvement during 3d refinement
· 6.3.1-6.3.2: 55448_gatsogiannis_figure5.ai
· 6.4.1- 55448_gatsogiannis_atomic_model.mp4 – shows side chains in the final model


General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are labeled and on hand at the start of filming. All tubes/flasks should be labeled neatly before we arrive.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

You will receive more detailed preparation instructions in the email accompanying the finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
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