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A.Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique?(Y/N)__Yes___  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes_(not highlighted)_ 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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _2.1, 2.3, 2.4, 2.5, 3.6, 3.8__

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 to be filmed by their protocol numbers.(Please do not list an entire section.) _2.3) and 2.4) because conditions such as temperature and humidity are different from what we   did as a step 2.5) in Ehime university, thus it is not  guaranteed that good single crystals are obtained. To ensure success, I’ll stay at filming place before the filming day, and prepare crystals for filming._____________________
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes__ If yes, how far apart are the locations? ___100 meter (at the same campus of the university but another building______
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. Experimental Goal (read by voice talent at JoVE):
The overall goal of this experiment is to prepare unique supramolecular clusters selectively and characterize their symmetric features. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Toshiyuki Sasaki: This method can help answer key questions in the field of supramolecular chemistry, such as design of supramolecules with specific symmetry [1.1.1 – MED]. 
1.1.1. Toshiyuki speaks toward the camera, interview style.
1.2. Toshiyuki Sasaki: The main advantage of this technique is that structures or symmetry of unknown supramolecules are predictable from structures of their components [1.2.1 – MED].   

1.2.1. Toshiyuki speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):

2. Preparation of single crystals composed of primary ammonium triphenylacetates
2.1. To prepare binary organic salts, dissolve triphenylacetic acid, or TPAA, and the primary amine: ether n-butylamine, isobutylamine, t-butylamine, or t-amylamine, together in 20 milliliters of methanol in a TPAA to amine molar ratio of 1 to 1 [2.1.1 – MED – TXT].  See the text protocol for preparation in the case of ternary organic salts [2.1.2 – CU].  
2.1.1. Talent dissolves the TPAA and the primary amine in methanol by ultrasonication.  Use labeled containers.  Continue action in next shot.  TEXT Overlay: 0.35 mmol TPAA, 0.35 mmol nBu, 0.35 mmol isoBu, 0.35 mmol tBu, 0.35 mmol tAm
2.1.2. Methanol as Talent dissolves the TPPA and adds the primary amines there.  Use labeled containers.
2.2. Evaporate all of the solutions by rotary evaporators, affording the organic salts [2.2.1 – MED – TXT].
2.2.1. Talent places a solution onto a rotary evaporator.  TEXT Overlay: 40 °C, 200 Torr
2.3. To prepare single crystals composed of supramolecular clusters, dissolve 5.0 milligrams of each of the organic salts in a glass vial in 0.30 milliliters of toluene as a non-polar good solvent [2.3.1 – MED-over the shoulder].  Toluene was selected because the supramolecular clusters are preferably constructed in a non-polar environment [2.3.2 – CU]. 
2.3.1. Talent adds the organic salts TPAA-tAm in a glass vial in 0.30 mL of toluene.  Use labeled containers.  Continue action in next shot.
2.3.2. Glass vial as talent adds the organic salts TPAA-tAm there.  Use labeled containers.
2.4. For the organic salts, heat toluene up to 40 degrees Celsius to dissolve them [2.4.1 – MED].
2.4.1. Talent heats toluene up to 40 degrees Celsius to dissolve the organic salts TPAA-tAm.
2.5. Add hexane to the solution of the organic salts as a poor solvent to decrease solubility of the organic salt, except for the solution of the organic salt TPAA-, t-butylamine [2.5.1 – CU]. 
2.5.1. The organic salt TPAA-tAm solutions as talent adds hexane to them it.  Use labeled containers.  TEXT Overlay:  see text for amount of hexane to add for each salt
2.6. Keep the solution stable at room temperature in the glass vial, affording single crystals within a day [2.6.1 – MED].
2.6.1. Talent leaves the solution in the glass vial in a stable place at room temperature.
2.7. Measure Fourier transform infrared spectra to confirm the organic salt formation as described in the text protocol [2.7.1 – MED-over the shoulder – TXT].
2.7.1. Talent works to measure the FT-IR spectra.  TEXT Overlay:  see text for FT-IR protocol
3. Crystallographic studies
Note to videographer:  The authors require a scope kit because they are not permitted to download software on the display computer to obtain screen captures.
3.1. Pick up a high quality single crystal of the organic salt TPAA- t-amylamine with a size around 0.3 to 1 millimeter without cracks, which looks uniform under a stereomicroscope.  A uniform crystal is not assemblies of multiple crystals but a single crystal [3.1.1 – SCOPE].  
3.1.1. High quality, uniform, single crystal of appropriate size as talent picks it up under the stereomicroscope.
3.2. Transfer the crystal from the glass vial into paraffin on a glass plate [3.2.1 – SCOPE or ECU].  Put the single crystal on a loop [3.2.2- SCOPE or ECU].
3.2.1.  Single crystal as talent transfers it from the glass vial into paraffin (use ECU here if visible, otherwise use the SCOPE).
3.2.2. Single crystal as talent puts on a loop (use ECU here if visible, otherwise use the SCOPE).
3.3. Set the loop with the single crystal in single crystal X-ray diffraction equipment [3.3.1 – MED].
3.3.1. Talent sets the loop with the single crystal in single crystal X-ray diffraction equipment. 
3.4. Start preparatory measurement of single crystal X-ray diffraction to collect X-ray diffraction patterns using the single crystal X-ray diffraction equipment as described in the text protocol [3.4.1 – MED-over the shoulder – TXT].
3.4.1. Talent works on the control computer starts the preparatory measurement of the single crystal X-ray diffraction to collect X-ray diffraction patterns from a single crystal using the single crystal X-ray diffraction equipment.  TEXT Overlay:  see text for preparatory measurement
3.5. Then, start regular measurement of single crystal X-ray diffraction to similarly collect X-ray diffraction patterns using the single crystal X-ray diffraction equipment as described in the text protocol [3.5.1 – CU – TXT].
3.5.1. Screen of the control computer as talent starts a regular measurement of single crystal X-ray diffraction to collect X-ray diffraction patterns from a single crystal using the single crystal X-ray diffraction equipment.  TEXT Overlay:  see text for regular measurement
3.6. After solving the crystal structure as described in the text protocol, investigate the supramolecular clusters in the crystal structures by computer graphics using Mercury software [3.6.1 – MED-over the shoulder – TXT].
3.6.1. Talent working on the analysis computer pulls up the Mercury and Pymol software.  TEXT Overlay (show at the beginning of the point, as narrated):  see text for solving crystal structure
3.7. Determine point group symmetries of hydrogen-bonding patterns in the supramolecular clusters by comparing the obtained patterns with the previously classified ones [3.7.1 – SCREEN].
3.7.1. *To be submitted by the authors – 53418_Sasaki_SCREEN_3.7.1:  Screen capture movie as talent determines the point group symmetries of hydrogen-bonding patterns in the supramolecular clusters by comparing the obtained patterns with the previously classified ones.
3.8. Characterize polyhedral features of the supramolecular clusters in each of the crystal structures of the organic salts.  First, delete all of the atoms in the supramolecular clusters except for carbon and nitrogen atoms of the component carboxylate anions and ammonium cations [3.8.1 – SCREEN].
3.8.1. *To be submitted by the authors – 53418_Sasaki_SCREEN_3.8.1:  Screen capture movie as talent deletes all of the atoms in the supramolecular clusters except for carbon and nitrogen atoms of the component carboxylate anions and ammonium cations.
3.9. Then, make bonds between the carbon and nitrogen atoms of which original carboxylate and ammonium cations are connected by hydrogen bonds [3.9.1 – SCREEN].
3.9.1. *To be submitted by the authors – 53418_Sasaki_SCREEN_3.9.1:  Screen capture movie as talent makes bonds between the carbon and nitrogen atoms of which original carboxylate and ammonium cations are connected by hydrogen bonds.
3.10. Measure distances between carbon-carbon and nitrogen-nitrogen atoms, and set boundaries for making further bonds [3.10.1 – SCREEN].
3.10.1. To be submitted by the authors – 53418_Sasaki_SCREEN_3.10.1:  Screen capture movie as talent measures distances between carbon-carbon and nitrogen-nitrogen atoms, and sets boundaries for making further bonds.  
3.11. Make further bonds between carbon-carbon atoms of which distances are less than 5.4 Angstroms and nitrogen-nitrogen atoms of which distances are less than 4.2 Angstroms [3.11.1 – SCREEN].
3.11.1. To be submitted by the authors – 53418_Sasaki_SCREEN_3.11.1:  Screen capture movie as talent makes further bonds between carbon-carbon atoms of which distances are less than 5.4 Angstroms and nitrogen-nitrogen atoms of which distances are less than 4.2 Angstroms 
3.12. Determine the resulting polyhedrons from the organic salts by considering rotational axis as well as numbers of sides of the polyhedrons [3.12.1 – SCREEN].  
3.12.1. To be submitted by the authors – 53418_Sasaki_SCREEN_3.12.1:  Screen capture movie as talent inspects the rotational axis and the number of sides of a polyhedron.
3.13. Here, TPAA-isobutylamine forms a trans-bicapped octahedron [3.13.1 – LM], while TPAA- t-butylamine [3.13.2 – LM], TPAA-t-amylamine [3.13.3 – LM], TPAA- isobutylamine-t-butylamine [3.13.4 – LM], and TPAA- isobutylamine-t- amylamine form triangular dodecahedrons [3.13.5 – LM].
3.13.1. 53418_Sasaki_Figure2.  Authors, please remove the Roman numeral labels and the a) and b) labels from this figure for the video.  Editors, please highlight/slightly zoom into the structure in the second column and the first row of figure 2.
3.13.2. 53418_Sasaki_Figure2.  Editors, please slightly zoom into the bottom 3 rows.  Then highlight the structure in the first column and the second row of figure 2.  Keep highlight/zoom through the end of the narration.
3.13.3. 53418_Sasaki_Figure2.  Editors, please highlight the structure in the second column and the second row of figure 2.  Keep highlight/zoom through the end of the narration.
3.13.4. 53418_Sasaki_Figure2.  Editors, please highlight the structure in the first column and the fourth row of figure 2.  Keep highlight/zoom through the end of the narration.
3.13.5. 53418_Sasaki_Figure2.  Editors, please highlight/zoom the structure in the second column and the fourth row of figure 2.
3.14. Make additional bonds to the resulting polyhedrons from the organic salts by considering the number of sides, symmetry elements, and intermolecular interactions in the supramolecular clusters [3.14.1 – SCREEN].
3.14.1. To be submitted by the authors – 53418_Sasaki_SCREEN_3.14.1:  Screen capture movie as talent makes additional bonds to a resulting polyhedron from the organic salts by considering number of sides, symmetry elements, and intermolecular interactions in the supramolecular clusters.
3.15. Determine the polyhedron of the TPAA- n-butylamine salt as square antiprism by making two addition bonds due to its C2 symmetry and 14 original bonds [3.15.1 – LM]. 
3.15.1. 53418_Sasaki_Figure2.  Editors, please highlight/zoom into the structure in the first column and the first row of figure 2.
3.16. Determine the other polyhedrons of the organic salts TPAA- n-butylamine- t-butylamine [3.16.1 – LM] and TPAA- n-butylamine- t-amylamine as triangular dodecahedron based on their C2 symmetry and "bands" of the trityl groups around the supramolecular cluster [3.16.2 – LM].
3.16.1. 53418_Sasaki_Figure2.  Editors, please zoom into the third row.  Then highlight the structure in the first column and the third row of figure 2.
3.16.2. 53418_Sasaki_Figure2.  Editors, keeping zoom on third row, please highlight  the structure in the second column and the third row of figure 2.
4. Results: Construction of various supramolecular clusters and their symmetric properties  
4.1. Representative results of single crystal X-ray analysis are shown here.  All of the organic salts construct the same kinds of supramolecular clusters by charge-assisted hydrogen bonds [4.1.1 – LM].
4.1.1. Cluster-Rotate.avi
4.2. Symmetry analysis on the supramolecular clusters revealed their structural features as analogues of octa-coordinated polyhedrons [4.2.1 – LM].
4.2.1. Polyhedron-Rotate.avi

5. Conclusion (said by authors on camera)
5.1. Toshiyuki Sasaki:  After watching this video, you should have a good understanding of how to characterize supramolecules from a viewpoint of symmetry [5.1.1 – MED].
5.1.1. Toshiyuki speaks toward the camera, interview style.
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.

Lab Media (LM):

53418_Sasaki_Figure2.  Authors, please remove the Roman numeral labels and the a) and b) labels from this figure for the video.  

Cluster-Rotate.avi
Polyhedron-Rotate.avi
SCREEN Capture Movies:
53418_Sasaki_SCREEN_3.7.1:  Screen capture movie as talent determines the point group symmetries of hydrogen-bonding patterns in the supramolecular clusters by comparing the obtained patterns with the previously classified ones.
53418_Sasaki_SCREEN_3.8.1:  Screen capture movie as talent deletes all of the atoms in the supramolecular clusters except for carbon and nitrogen atoms of the component carboxylate anions and ammonium cations.
53418_Sasaki_SCREEN_3.9.1:  Screen capture movie as talent makes bonds between the carbon and nitrogen atoms of which original carboxylate and ammonium cations are connected by hydrogen bonds.
53418_Sasaki_SCREEN_3.10.1:  Screen capture movie as talent measures distances between carbon-carbon and nitrogen-nitrogen atoms, and sets boundaries for making further bonds.  
53418_Sasaki_SCREEN_3.11.1:  Screen capture movie as talent makes further bonds between carbon-carbon atoms of which distances are less than 5.4 Angstroms and nitrogen-nitrogen atoms of which distances are less than 4.2 Angstroms 
53418_Sasaki_SCREEN_3.12.1:  Screen capture movie as talent inspects the rotational axis and the number of sides of a polyhedron.
53418_Sasaki_SCREEN_3.14.1:  Screen capture movie as talent makes additional bonds to a resulting polyhedron from the organic salts by considering number of sides, symmetry elements, and intermolecular interactions in the supramolecular clusters
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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