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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) Y 
Can you record movies/images using your own microscope camera? (Y/N) Y (images; Leica M205C)
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 2.1, 2.6, 3.2, 3.7, 3.8, 3.10
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.
[bookmark: _Hlk488739701]Steps 3.7, 3.8 Crystal Fishing and manipulation is still a manual procedure: to minimize crystal damage the user should be quick (to avoid dehydration) and gentle (to avoid damaging crystal(s)) at the same time.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) Y
[bookmark: Introduction]If yes, how far apart are the locations? 5-10 minutes’ walk

1. Introduction (Experimental Goal and Author Interviews)

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

The overall goal of this procedure is the biochemical and structural characterization of a carbohydrate substrate-binding (sub-straight /ˈsʌb streɪt/) protein from Streptococcus pneumoniae (strep-tuh-kok-us new-moh-nee-ee /ˌstrɛp təˈkɒk əs nʊˈmoʊˌni i:/). (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Simone Culurgioni: This method can help provide key data to aid in structural studies of substrate-binding proteins, such as the identification of their buffer stability profiles, oligomerization states, and atomic structures.
1.2. [bookmark: IntroStatements]Martin Walsh: The advantage of this procedure that it provides data that increases the success rate for crystallization and structure solution of substrate-binding proteins in a robust and straightforward way.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Buffer and Substrate-Binding Protein (SBP) Preparation
2.1. First, prepare 48 buffer solutions with a pH range of 4.0 to 9.5 and NaCl (sodium chloride) concentrations ranging from 0 to 0.5 M. Dispense 40 µL of each solution into a 96-well plate. [1-MED-TXT]
2.1.1. Talent dispenses the buffer solutions into the 96-well plate. (TEXT: See text protocol for more information on buffer compositions.)
2.2. Obtain a purified solution of the chosen substrate-binding protein. Add 5 µL of the SBP solution to each well for a concentration of 1 to 2 mg/mL. [1-MED-Over shoulder-TXT]
2.2.1.  Talent dispenses the SBP solution into the wells. (TEXT: See text for SBP purification references.)
2.3. Then, add 5 µL of a 20X (20-X) fluorescent stain to each well. [1-CU] Mix the solutions by pipetting up and down. [2-CU]
2.3.1. Talent draws up the fluorescent stain into the multi-pipettor.
2.3.2. Talent pipettes the solutions up and down until they are mixed.
2.4. Seal the plate with transparent adhesive film. [1-MED] Centrifuge the plate at 112 x g at room temperature for 2 minutes. [2-MED-Over shoulder]
2.4.1. Talent covers the plate with the adhesive film.
2.4.2. Talent places the sealed plate in a plate centrifuge and closes the centrifuge.
2.5. Configure a real-time PCR system to ramp from 4 to 99 °C at a rate of 3 degrees per minute with a 10-second hold time. [0] Set the system to take fluorescence readings every half-degree. [1-SCREEN]
2.5.0. Added shot: Talent insert the plate into the real-time PCR machine
2.5.1. *To be provided by authors: Screen capture footage of setting the ramp start and end points, the ramp rate, and the data collection configuration.
2.6. Set the fluorescence filter setting and assign the samples. [1-SCREEN] Run the experiment and identify the buffer condition with the highest melting temperature. [2-MED-Over shoulder]
2.6.1. *To be provided by authors: Screen capture footage of setting the excitation and emission wavelengths fluorescence filters and assigning the samples.
2.6.2. Talent opens and inspects a representative melting profile curve on the instrument computer.
2.7. Next, prepare a buffer with the chosen pH and NaCl concentration [1-MED-Over shoulder] that includes 2.5% by volume of glycerol and a TCEP (T-sep) concentration of 0.5 mM. [2-MED-TXT]
2.7.1. Talent checks the pH of the buffer. 
2.7.2. Talent places a label on the container of buffer. (TEXT: TCEP: Tris(2-carboxyethyl)phosphine)
2.8. Characterize the purified SBP with analytical size-exclusion chromatography with multi-angle light scattering. [1-MED] Identify the most stable species suitable for crystallization [2-MED-Over shoulder] and use preparatory SEC (‘sec’) to obtain pure fractions of those species. [3-CU]
2.8.1. Talent injects a sample of purified SBP into the analytical SEC gel filtration column.
2.8.2. Talent looks at a representative elution chromatogram.
2.8.3. Talent collects a fraction from the preparatory SEC column.
2.9. Perform pre-crystallization tests to determine the optimal protein concentration for crystallization. [1-MED]
2.9.1. Talent inspects the pre-crystallization test drops under a microscope/with the automated imaging system.
3. SBP Crystallization and Data Collection
3.1. Use a crystallization robotic system to dispense the desired commercial crystallization solutions into the solution reservoirs of an optical 96-well sitting drop plate. [1-MED]
3.1.1. Talent places the plate under the system dispenser and starts the crystallization robot dispensing.
3.2. Then, use the system to dispense 100 nL of the protein solution into each crystallization drop well. [1-CU] Transfer 100 nL of each crystallization solution from the reservoir wells to the corresponding well drops. [2-CU]
3.2.1. The crystallization robot dispensing the protein solution into the crystallization drop wells.
3.2.2. The crystallization robot transferring the crystallization solution to the well drops.
3.3. Seal the plate with optical adhesive film. [1-MED] Use a 10X microscope or an automated imaging system to evaluate the crystal formation and growth [2-CU] every 1 to 2 days for 2 weeks, and once a week thereafter. [3-SCREEN]
3.3.1. Talent covers the plate with film.
3.3.2. Talent loads the plate into the automated imaging system.
3.3.3. *To be provided by authors: Screen capture footage of using the cursor to point out the already-set imaging schedule in the automated imaging system software.
3.4. When sufficiently large and well-shaped crystals have formed, prepare a batch of the crystallization solution [1-SCREEN] with an additional 25% by volume of glycerol to serve as a cryoprotectant (cryo-protectant (cry-oh /ˈkraɪ oʊ/)). [2-MED]
3.4.1. *To be provided by authors: Screen capture footage of opening an image of a previously-prepared plate that shows well-formed crystals.
3.4.2. Talent measures out the needed amount of glycerol from a labeled container.
3.5. Next, fill a foam dewar (dyou-er /ˈdju: ər/) with liquid nitrogen. [1-MED] Immerse a uni-puck sample enclosure in the liquid nitrogen and allow the enclosure to cool. [2-MED]
3.5.1. Talent pours LN2 into the dewar.
3.5.2. Talent carefully places the uni-puck sample enclosure in the liquid nitrogen-filled dewar.
3.6. Then, cut out the film over a drop containing a crystal of interest. [1-CU] Deposit 0.5 µL of the cryoprotectant on a cover slide close to the drop or in the empty drop chamber of the same condition, if available. [2-ECU]
3.6.1. Talent cuts away the film over a drop and removes the piece of film.
3.6.2. Talent deposits the cryoprotectant solution on a cover slide/in the corresponding empty drop chamber. Note: Additional screen capture.
3.7. Attach to a magnetic wand a cryo-loop mounted on a SPINE (‘spine’) standard base. [1-CU] Use the cryo-loop to transfer the crystal of interest to the drop of cryoprotectant. [2-ECU]
3.7.1. Talent connects the cryoloop assembly to the cryowand.
3.7.2. Talent picks up the crystal with the cryoloop and transfers it to the cryoprotectant drop. Note: Additional screen capture.
3.8. Then, use the cryo-loop to transfer the crystal from the cryoprotectant to the first empty position of the submerged uni-puck sample enclosure. [1-MED] Repeat this process to harvest additional crystals. [2-MED]
3.8.1. Talent picks up the crystal from the cryoprotectant and transfers it with the loop and base to the sample holder in liquid nitrogen.
3.8.2. The sample sitting in the first position of the sample enclosure (once the sample has cooled enough that the LN2 is transparent rather than boiling).
3.9. Once all crystals of interest have been loaded into the sample enclosure, use the puck wand to place the uni-puck base plate on the enclosure. [1-MED] Transport the uni-puck in liquid nitrogen to the beamline (beam-line). [2-WIDE]
3.9.1. Talent fits the uni-puck base onto the loaded sample enclosure with the puck wand.
3.9.2. Talent covers the dewar and places it on a cart (or other method of bringing the samples to the beamline).
3.10. Use cryo-tongs and a puck dewar loading tool to load the uni-puck into the beamline sample changer dewar and to detach the sample enclosure. [1-MED]
3.10.1. Talent uses cryo-tongs and the loading tool to load the uni-puck into the sample changer and remove the sample enclosure.
3.11. Then, select the sample in the beamline software to load and automatically center the sample in the X-ray beam. Acquire an X-ray fluorescence spectrum and identify any elements that can be used in an anomalous diffraction experiment. [1-SCREEN]
3.11.1. *To be provided by authors: Screen capture footage (in the beamline software) of selecting the sample to be used, the sample being centered, filling in an exposure time, clicking ‘Fluorescence’, selecting the ‘Fluorescence spectrum’ tab if not already selected, and clicking ‘Run’.
3.12. Determine the optimal wavelength for collecting anomalous diffraction data by performing an X-ray absorption edge energy scan. [1-SCREEN]
3.12.1. *To be provided by authors: Screen capture footage of clicking ‘Fluorescence’, selecting the ‘Fluorescence scan settings’ tab, selecting the atom of interest and the edge, and then clicking ‘Run’.
3.13. Then, acquire three X-ray diffraction patterns at 45° intervals in standard oscillation mode to automatically determine the crystal unit cell parameters, symmetry, and diffraction limit. [1-SCREEN]
3.13.1. *To be provided by authors: Screen capture footage of clicking ‘Data collection’; selecting the ‘Screening’ tab; filling in the oscillation angle, the exposure time, and the beam transmission; and clicking ‘Run current’.
3.14. Import the recommended data collection parameters into the beamline software and run a single- or multi-wavelength anomalous diffraction experiment, as appropriate. [1-SCREEN]
3.14.1. *To be provided by authors: Screen capture footage of importing the parameters into the beamline software and starting the data collection.
4. Results: Biochemical and Structural Characterization of SP0092
4.1. The stability of the substrate-binding protein SP0092 (S-P-0-0-92) in various salt buffers was evaluated to identify the optimal buffer solution. The highest melting temperatures were found for buffers with a pH of 6.5 and NaCl concentrations ranging from 0 to 0.2 M. [1-LM] A buffer with a pH of 6.5 and a NaCl concentration of 0.2 M was selected for the procedure. [2-LM]
4.1.1. Figure 3A (Fig3_BiochemicalCharact_170507.pdf): During “The highest melting temperatures…from 0 to 0.2 M”, highlight ‘0 M NaCl’, ‘0.1 M NaCl’, ‘0.2 M NaCl’ on the lower right axis and ‘ADA pH 6.5’ on the bottom axis.
4.1.2. Figure 3A (Fig3_BiochemicalCharact_170507.pdf): Add the caption “0.02 M MES pH 6.5, 0.2 M NaCl, 2.5% (v/v) glycerol, 0.5 mM TCEP” under Figure 3A.
4.2. The various oligomerization (uh-lig-uh-mer-ih-zey-shun /əˌlɪg ə mər ɪˈzeɪ ʃen/) states of SP0092 were identified and separated with SEC-MALS (sec-mals /sɛk mæls/). An analysis of the SEC profile at different protein concentrations indicated that increased protein concentration triggers oligomerization, suggesting that larger oligomers (uh-lig-uh-mers /əˈlɪg ə mərs/) are more stable at high concentrations. Consistent with this, the larger oligomers produced crystals in crystallization trials, whereas the monomer did not. [1-LM]
4.2.1. Figure 3B (Fig3_BiochemicalCharact_170507.pdf): During “The various…SEC-MALS”, highlight ‘Tetramer’, ‘Trimer’, ‘Dimer’, and ‘Monomer’. During “Consistent with this…did not”, highlight ‘Tetramer’, ‘Trimer’, and ‘Dimer’.
4.3. X-ray fluorescence of both native and selenomethionine-labeled (seh-lee-no-meh-thigh-oh-neen /səˌli: noʊ mɛˈθaɪ oʊ ni:n/) SP0092 crystals indicated zinc bound to the protein in both forms. The anomalous signal was maximized by tuning the incident X-ray wavelength to the X-ray absorption edges of either zinc or selenium (seh-lee-nee-um /səˈli: ni: əm/). [1-LM]
4.3.1. Figures 4A and 4B (Fig4_StructCharacter_170320.pdf): Add the caption “At Zn edge” under 4A and the caption “At Se edge” under 4B. During “The anomalous…or selenium”, highlight (with a shaded box or similar) the steep increases in the blue and turquoise lines in the graphs.
4.4. A complete anomalous data set was then obtained, and automated analysis triggered by the presence of an anomalous signal generated initial maps of the protein structures. [1-LM] Models built into these initial maps were then refined and validated to produce the final models. [2-LM]
4.4.1. Figure 4C (Fig4_StructCharacter_170320.pdf) Added Screen Capture of Ispyb results, showing the data collection processing statistics and the initial maps.
4.4.2.  Figure 4C (Fig4_StructCharacter_170320.pdf) and Figure 4D (Fig4_StructCharacter_170320.pdf)
5. [bookmark: _GoBack]Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. [bookmark: _Hlk479076977]Simone Culurgioni: After watching this video, you should have a good understanding of how to complete a comprehensive structural characterization of a substrate-binding protein or of any potential protein target.
5.2. Martin Walsh: The implications of this technique extend towards development of new therapeutics for pneumococcal diseases, as it provides fundamental insights for structure-based design of inhibitors for this class of proteins.
5.3. Simone Culurgioni: These methods can also be applied to substrate-binding proteins from other organisms, and they potentially can be used for any protein type.
[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. 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

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .pptx or .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17169718

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq or contact your script editor if you have questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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