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

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

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: _____________________________________________

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.) 3.1, 3.5, 4.3, 4.4
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.) 3.5
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 100 m
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Stephanie Hutin: The automated MeshAndCollect protocol was developed to combine serial crystallography with ‘standard’ Macromolecular X-ray crystallography rotation data collection to be able to measure small crystals or opaque samples. 
1.2. Gianluca Santoni: The protocol first identifies the positions of crystals mounted on the same sample holder and then directs the collection of a series of partial diffraction data sets for subsequent merging and use in structure determination.  

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Christoph Mueller-Dieckmann: MeshAndCollect is compelling as it is rapid and allows one to do many different experiments with the same setup, such as structure solution and ligand screening with small crystals.  

1.4. Stephanie Hutin: The method is compatible with synchrotron beamlines for Macromolecular X-ray crystallography, ideally with a high photon flux and a small beam diameter, equipped with a state of the art diffractometer device and a fast-readout detector.

Protocol: (read by voice talent at JoVE)
2. Offline Preparation of the Synchrotron Experiment
2.1. First, connect to the extended Information System for Protein Crystallography Beamlines database and choose MX [1-SCREEN-TXT]. 
2.1.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_2.1.1. TEXT: MX: Macromolecular X-ray crystallography.
2.2. Log in with the experiment number and the password from the A-form [1-SCREEN-TXT].
2.2.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_2.2.1. TEXT: See text for details on A-form.
2.3. Next, select Shipment Add New and fill in the requested information [1-SCREEN].
2.3.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_2.3.1.
2.4. Select Add Parcel and fill in the relevant data. Select Add Container, choose a SC3 puck and fill in the information required, including the positions of the sample holders in the puck [1-SCREEN].
2.4.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_2.4.1.
3. Loading of the Sample onto a Beamline

3.1. In the experimental hutch, load the puck into the sample changer dewar and note its position [1-MED].  
3.1.1. Talent loads puck into sample changer dewar and records its position in a notebook/on a piece of paper.
3.2. Next, log in to the Information System for Protein Crystallography Beamlines database. Select Prepare Experiment, find the shipment, select Next and indicate the beamline and puck position in the sample changer [1-SCREEN].
3.2.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.2.1.
3.3. Log in into the beamline control software with the experimental number and password provided on the A-form [1-SCREEN-TXT].
3.3.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.3.1. TEXT: MXCuBE2. Video Editor: overlay should appear at mention of “the beamline control software”.
3.4. Press Sync to synchronize the beamline control software with the Information System for Protein Crystallography Beamlines database [1-SCREEN].
3.4.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.4.1.
3.5. Use the beamline control software to mount the sample holder onto the goniometer. Then, right click a position in the sample changer area and select Mount Sample [1-SCREEN].
3.5.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.5.1.
3.6. Select the Centre button and then 3-click center on the middle of the edge of the tip of the loop. Save the centered position by selecting Save [1-SCREEN].
3.6.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.6.1.
3.7. Click again on the Centre button and then 3-click center on the middle of the start of the stem of the loop. Save the second position by clicking on Save [1-SCREEN].
3.7.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.7.1.
3.8. Next, select one of the saved centered positions by clicking on it [1-SCREEN].
3.8.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.8.1.
3.9. Under Advanced, add the workflow Visual Reorientation to the data collection queue. Then, launch the workflow by clicking on Collect Queue [1-SCREEN].
3.9.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.9.1.
3.10. After the workflow aligns the plane of the sample holder with the rotation axis of the goniometer, center the sample holder again, somewhere in the middle of the mesh [1-SCREEN].
3.10.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.10.1.
3.11. Orient the sample holder so that the face of the mesh is perpendicular to the X-ray beam direction by rotating the omega axis using the beamline control software [1-SCREEN]. 
3.11.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.11.1.
3.12. In the beamline control software, click on the aperture drop down menu and select a value. Then, click on the mesh tool icon to bring up the mesh tool window [1-SCREEN]. 
3.12.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.12.1.
3.13. In the sample view of the beamline control software, draw the mesh by left clicking and dragging the mouse over the area containing crystals on the sample holder. To save the mesh, click on the Plus button in the mesh tool window [1-SCREEN].
3.13.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_3.13.1.
4. Prepare and Execute the MeshAndCollect Workflow
4.1. In the Resolution field of the beamline control software, enter the resolution at which diffraction images should be collected. If no prior information is known about the diffraction quality of the crystals, a value between 2 and 2.5 is recommended [1-SCREEN-TXT].
4.1.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_4.1.1. TEXT: 1.8 Å in this experiment. Video Editor: overlay should appear during first sentence at mention of “the resolution at which diffraction images should be collected”.
4.2. Select MeshAndCollect in the Advanced data collection tab, add it to the queue and click Collect the Queue [1-SCREEN].
4.2.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_4.2.1.
4.3. In the parameter window, use the beamline dependent default parameters. In the experiment described here, defaults parameters are 0.037 second exposure time per mesh scan point, 100 percent transmission, and 1 degree oscillation per mesh scan line [1-SCREEN]. 
4.3.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_4.3.1.
4.4. Click Continue. The mesh scan runs and the diffraction images collected at each grid point are analyzed and ranked according to diffraction strength with the software DOZOR [1-SCREEN].  
4.4.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_4.4.1.

4.5. After the DOZOR analysis, a heat map is generated and the order for subsequent partial data collections is assigned automatically based on diffraction strength [1-LM]. 
4.5.1. 58594fig1.jpg: Show figure C.
4.6. Finally, click Continue to launch the partial data collections [1-SCREEN].
4.6.1. SCREEN: *To be submitted by Author. 58594_Hutin_SCREEN_4.6.1.
5. Results: Structure Determination of the Fluorescent Protein Cerulean using MeshAndCollect
5.1. MeshAndCollect, as implemented in MXCuBE2 (pronounced single M single X cube), was used for the collection of partial diffraction data sets from small crystals of Cerulean located on the same sample holder in which visual identification of crystals was difficult [1-LM].  
5.1.1. 58594fig1.jpg: Show figure A.

5.2. To screen the sample holder, a grid was drawn over the center of the meshloop and based on the DOZOR score heat map, 85 partial diffraction data sets were automatically collected [1-LM]. These were individually integrated then merged to produce a data set with 99.8 percent completeness at a resolution of 1.7 angstroms [2-LM]. 
5.2.1. 58594fig1.jpg: Show figure A and make the inset (figure B) appear at mention of “a grid was drawn over the center of the meshloop”. Show figures C and D at mention of “based on the DOZOR score heat map, 85 partial diffraction data sets were automatically collected”.

5.2.2. Table1_2.xlsx: Highlight “Completeness 99.8 (99.5)” and “Resolution Range 46.58-1.70 (1.73-1.70)” at mention of “99.8 percent completeness at a resolution of 1.7 angstroms”.
5.3. As expected, the crystal structure of Cerulean could be solved by molecular replacement using the data set generated [1-LM].  
5.3.1. 58594fig1.jpg: Show figure F. 

5.4. After refinement, a Rwork (pronounced R work) of 22.8 percent and a Rfree (pronounced R free) of 25.4 percent were obtained [1-LM]. Superposition with the previously determined structure shows a global rmsd on C alpha positions of 0.1 angstroms [2-LM].  
5.4.1. *To be submitted by Author
5.4.2. *To be submitted by Author
6. Conclusion (said by authors on camera)

6.1. Gianluca Santoni: For projects where optimization from small crystals to larger crystals fails, MeshAndCollect provides a possibility to obtain a complete diffraction dataset for structure solution via the combination of isomorphous partial data sets collected from a series of small crystals.
6.2. Gianluca Santoni: After its development, this technique paved the way for structural biologists to solve protein structures from sparse protein samples, where only a few tenths of microcrystals can be produced. 
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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