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A. Microscopy: Does your protocol involve video microscopy? Y, SZ680 from CNOPTEC
B. Does your protocol include software usage? 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 from the protocol section below will viewers benefit most from having filmed?
5.2.-5.5., 5.7., 5.8.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.2.: Crystal screening. This step is generally a labor-intensive step. We are using a automated crystal screening robot to screen numerous conditions in a very short time with high degree of accuracy. 
5.7.: Flash cooling of crystals in liquid nitrogen. At this step, if not handled correctly, we could damage crystals. To ensure success, we need to handle crystals in the correct and precise manner.
E. Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. 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. Zhiguang Yuchi: Determining  Solving the structure of the ryanodine receptor domain can help with our understanding of the molecular intricacies mechanisms of the protein function, insecticide action, and insecticide resistance development.
1.2. Lianyun Lin Zhiguang Yuchi: This method employs the use of x-ray crystallography for structure elucidation, which is considered the ‘gold standard’ for protein structure determination at a near atomic resolution.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Bidhan Chandra Nayak: This high-resolution structure of the insect ryanodine receptor domain, reveals the mechanism of for channel gating and provides an important template for the development of species-specific insecticides, using a structure-based drug design approaches.
1.4. Jie Wang: Generally, individuals new to this method will struggle, because prospective protein crystallographers must be proficient in biochemistry, biophysics, computer science, and math.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

D. Ethics title card: (for human subjects or animal work, does not count toward word length total)

Protocol: (read by voice talent at JoVE)
2. Ligation-Independent Cloning (LIC)
2.1. Begin by amplifying the DNA corresponding to the protein of interest by polymerase chain reaction [1-WIDE-TXT].
2.1.1. Talent adding reaction mixture to PCR machine (TEXT: See text for full gene/run cycle details)
2.2. At the end of the reaction, run the entire 50 microliters of reaction mix on a 2% agarose gel [1-MED] and extract the DNA with a Gel Extraction kit according to standard protocols [2-MED].
2.2.1. Talent adding reaction to gel 
2.2.2. Talent opening Gel Extraction kit and removing instructions/reagents
2.3. For ligation-independent cloning of the extracted gene Next, linearize the LIC vector DNA by mixing 20 microliters of the vector DNA [1-MED] with 6 microliters of 10x reaction buffer, and 4 microliters of the Ssp I restriction enzyme in 30 microliters of double-distilled water [2-CU]. Incubate this reaction mixture for a 3-hours incubation at 37 °C [3-MED].
2.3.1. Talent adding DNA to tube, with buffer and enzyme containers visible in frame
2.3.2. Enzyme being added to tube, with buffer and distilled water container labels visible in frame
2.3.3. Talent placing reaction at 37 °C
2.4. At the end of the incubation, run the entire reaction mix on a 1% agarose gel [1-CU] followed by extraction of the linearized vector DNA with a Gel Extraction kit according to the manufacturer’s instructions [2-MED].
2.4.1. Mix being added to gel
2.4.2. Talent opening Gel Extraction kit and removing instructions/reagents
2.5. Next, perform separate T4 DNA Polymerase treatments on 5 microliters of the  Ssp I digested-linearized vector DNA and the PCR amplified insert DNA according to standard protocols [1-MED] for a 40-minute incubation at room temperature [2-CU] followed by 20 minutes of enzyme heat-inactivation at 75 °C [3-MED].
2.5.1. Talent adding vector to container, with insert DNA, T4 DNA Polymerase Buffer, dGTP, DTT, and T4 DNA Polymerase containers visible in frame (TEXT: Treat LIC vector and insert DNA in separate reactions)
2.5.2. LIC vector and insert DNA containers being placed at room temperature, with labels visible in frame
2.5.3. Talent placing mixtures at 75 °C 
2.6. Then, to p Perform a the ligation-independent cloning annealing reaction by, combine combining 2 microliters of the T4-treated insert DNA with 2 microliters of the T4-treated ligation-independent cloning LIC vector DNA [1-CU] for a 10-minute incubation at room temperature [2-MED].
2.6.1. DNA being added to a tube, with DNA, vector and annealing mixture tube visible in frame
2.6.2. Talent placing mixture tube onto lab bench
3. E. coli Transformation and Protein Expression
3.1. To transform BL21-DE3 E. coli cells with the recombinant plasmid into the BL21-DE3 E. coli strain, thaw 50 microliters of competent cells on ice [1-WIDE] and add approximately 1 microliter of the annealed plasmid to the tube [2-MED].
3.1.1. Talent placing cells on ice
3.1.2. Talent adding plasmid to cells 
3.2. Gently flick the tube 2-3 times to mix the cells and the DNA [1-CU] and place the tube back on ice for 20 minutes [2-MED].
3.2.1. Tube being flicked
3.2.2. Talent placing tube on ice
3.3. At the end of the incubation, heat shock the cells at 42 °C for 40 seconds [1-CU] followed by 2 minutes back on ice [2-MED].
3.3.1. Cells being placed at 42 °C
3.3.2. Talent placing tube on ice 
3.4. Next, add 1 mL of room temperature lysogeny broth LB medium to the tube [1-CU] and place the cells on a 250-rpm shaker for 45 minutes at 37 °C [2-MED].
3.4.1. Medium being added to tube, with medium container label visible in frame
3.4.2. Talent placing tube onto shaking incubator
3.5. At the end of the shaking incubation, plate 150-200 microliters of the mixture onto selection plates [1-CU] and invert the plates overnight at 37 °C [2-MED].
3.5.1. Bacteria being plated [Added shot]: One extra shot was added to demonstrate the plating process. The extra shot is taken to increase clarity.
3.5.2. Talent inverting plate(s) in 37 °C incubator/warm room
3.6. The next day, culture a single colony [1-CU] in 100 mL of 2YT medium supplemented with kanamycin, for an overnight incubation in a shaker incubator at 37 °C, overnight [2-MED].
3.6.1. Colony being added to 250-mL flask containing 100 mL medium, with selection plate and medium container label visible in frame
3.6.2. Talent placing 250 mL flask in incubator
3.7. The next morning, inoculate 1 L of 2YT medium [1-MED] supplemented with kanamycin, with 10 mL of overnight culture and incubate at for a  37 °C , overnight-incubation with shaking [2-MED] until the optical density at 600 nm reaches approximately 0.6 [3-CU]
3.7.1. Talent adding 10 mL of culture to 1 L of 2YT medium
3.7.2. Talent placing 1-L flask in incubator
3.7.3. Cuvette being placed in a spectrophotometer, showing a reading approximately 0.6
3.8. Then induce the culture with IPTG to a final concentration of 0.4 mM and grow the cells for 5 hours at 30 °C [1-CU-TXT].
3.8.1. IPTG being added to culture, with IPTG container label visible in frame (TEXT: IPTG: Isopropyl beta-D-1-thiogalactopyranoside)
3.9. At the end of the incubation, harvest the cells by centrifugation [1-MED-TXT] and resuspend the pellet to a 10 grams of bacteria/40 mL of lysis buffer concentration [2-CU].
3.9.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 8000 x g, 4 °C)
3.9.2. Shot of pellet if visible, then pellet being resuspended, with lysis buffer container label visible in frame
3.10. Disrupt the cell walls by sonication at a 65% amplitude and 1 second on-1 second off for 8 minutes [1-CU] and remove the cell debris by centrifugation [2-MED-over the shoulder-TXT].
3.10.1.  Cells being sonicated
3.10.2.  Talent adding tube(s) to centrifuge (TEXT: 30 min, 40,000 x g, 4 °C)
3.11. Then, filter the supernatant through a 0.22-micrometer filter [1-MED] and load the solution into a sample loop [2-CU].
3.11.1.  Talent filtering supernatant
3.11.2.  Sample loop being loaded
4. Fusion Protein Purification, Tag-Cleaving, and Target Protein Re-Purification
4.1. To purify the fusion protein, inject the filtered supernatant from the sample loop into a 5-mL nickel-nitrilotriacetic column [1-WIDE] on a purification system with a linear gradient of 20-250 mM imidazole [2-CU].
4.1.1. Talent adding sample from sample loop to column [Author comment: This step is a slow process. The video needs to be edited as a ‘fast motion’ clip, with possibly, the playback speed on the screen.]
4.1.2. Eluate being collected
4.2. Cleave the eluted target protein with Tobacco Etch Virus protease at a 1:50 ratio overnight at 4 °C [1-MED] and purify the cleavage reaction mixture on an amylose resin column [2-CU] and a nickel-nitrilotriacetic column to remove the tag and the Tobacco Etch Virus protease [3-CU].
4.2.1. Talent adding TEV protease to sample, with TEV protease container visible in frame
4.2.2. Mixture being added to amylose resin column
4.2.3. Mixture being added to Ni-NTA HP column
4.3. Dialyze the flow-through from the nickel-nitrilotriacetic column against dialysis buffer to reduce the salt concentration [1-MED] and purify the sample on an anion exchange column by a linear gradient of 20-500 mM potassium chloride in the elution buffer [2-CU].
4.3.1. Talent adding flow through from dialysis bag to dialysis buffer 
4.3.2. Sample being added to anion exchange column 
4.4. Then concentrate the protein in a centrifugal concentrator [1-MED], inject the concentrated protein into a Superdex 200 26-600 gel-filtration column to check the homogeneity [2-CU], and assess the purity of the protein by 15% SDS-PAGE (S-D-S-page) [3-CU].
4.4.1. Talent adding protein to concentrator, with centrifuge visible in frame as possible
4.4.2. Protein being injected into column [Added shot]: Shot 4.4.2 has an extra shot after the injection process. The additional shot is the view of the purification column.
4.4.3. Shot of SDS-PAGE system with running gel
5. Protein Crystallization, Crystal Mounting, and Structure Determination
5.1. To prepare the protein for crystallization, concentrate the purified protein sample to 10 mg/mL in the centrifugal concentrator [1-WIDE] and buffer exchange to crystallization buffer before -80 °C storage [2-MED].
5.1.1. Talent adding protein to concentrator, with centrifuge visible in frame as possible
5.1.2. Talent adding crystallization buffer to protein in the concentrator, with crystallization buffer container visible in frame
5.2. To perform crystallization screening, use the sitting drop vapor diffusion method at 295 Kelvin with several crystallization kits [1-MED-over the shoulder] and an automated liquid handling system in a 96-well format [2-CU].
5.2.1. Talent loading plate onto robotic system, with crystallization kits in the frame
5.2.2. The liquid handling robot adding drops to wells of 96-well plate
5.3. At the end of drop setting, seal the 96-well crystallization plate to prevent evaporation and to enable the equilibration of the protein drop within the reservoir buffer [1-CU] and place the plates in a crystal incubator at 18 °C [2-MED-over the shoulder].
5.3.1. Plate being sealed
5.3.2. Talent placing plate(s) into incubator
5.4. Check the plates periodically under a light microscope to monitor the crystal formation and growth [1-SCOPE].
5.4.1. Shot of white/clear crystals [Video editor: The video has been recorded from defocus to focus in slow motion.  It needs fast forwarding to an optimal speed to look better]
5.5. To differentiate the protein crystals from the salt crystals, add 1 microliter of protein crystal dye to the target drop [1-CU] and observe the crystals under the microscope after 1 hour [2-MED]. The protein crystals will appear blue [3-SCOPE].
5.5.1. Protein dye being added to drop
5.5.2. Talent placing plate onto microscope stage
5.5.3. Shot of blue crystals [Video editor: The video has been recorded from defocus to focus in slow motion.  It needs fast forwarding to an optimal speed to look better]
5.6. To further optimize the crystals, use the positive crystallization conditions and the hanging drop vapor-diffusion method in 24-well plates [1-MED-TEXT] followed by incubation in the crystal incubator at 18 °C [2-MED].
5.6.1. Talent adding sample to 24-well plate [TEXT: Optimize pH from 7.0 -> 8.5 and (NH4)2SO4 from 1.2 M -> 1.7 M]
5.6.2. Talent placing plate into incubator
5.7. To determine the protein structure, mount the crystals on a cryoloop under a light microscope [1-SCOPE] for flash-cooling in liquid nitrogen [2-CU-TXT] and place the crystals in a unipuck for storage and transportation [3-MED]
5.7.1. Crystal(s) being mounted onto cryoloop [Video editor: Video need to be trimmed: 1 sec from front end and the extra video after the crystal is removed from drop]
5.7.2. Crystal(s) being added to liquid nitroven nitrogen (TEXT: Flash cool w/ 20% glycerol in reservoir solution)
5.7.3. Talent placing crystal(s) into unipuck
5.8. Pre-screen the crystals on an in-house X-ray diffractor, using the manual centering function to mount and center the crystals [1-MED]. Then use the X-ray diffraction software to collect the data [2-MED-over the shoulder].
5.8.1. Talent mounting and centering crystal [Video editor: Shot 5.8.1 has two steps. First one is the mounting the crystal on the instrument. Second is the centering the crystal with a view of the monitor in the frame]
5.8.2. Talent at computer, opening software, with monitor visible in frame 

5.9. To index, integrate and scale the data set using HKL2000 (H-K-L-2000) suite, first select the detector and load the data set [1-SCREEN]. Then carry out the peak search function to find the diffraction spots [2-SCREEN]. Index the spots, select the right space group and perform peak integration [3-SCREEN]. Next, scale the dataset [4-SCREEN], adjust the error model and scale again [5-SCREEN]. Save the output .sca file. [6-SCREEN]
5.9.1. HKL2000 software opened, detector selected and data loaded [Video editor: please fast-forward sections of the video to eliminate the extra mouse over time and time to create directory/selecting files/keying in file names etc. Use normal speed at the main steps] *Media to be provided by Authors: HKL2000 software opened. 
5.9.2. Index tab-peak search-finish. *Media to be provided by Authors.
5.9.3. Index- select space group-refine-integrate*Media to be provided by Authors.
5.9.4. Scale tab-scale sets –log files *Media to be provided by Authors.
5.9.5. Adjust error model- scale set [Video editor: this part should be fast forwarded, as the adjust error model takes time] *Media to be provided by Authors.
5.9.6. Saving output and scale file [Video editor: this part should be very short to show the output and scale files being copied to desktop] *Media to be provided by Authors.
5.10. To determine the structure using PHENIX software suite, create a new project [1-SCREEN]. First, run Xtriage (Pronunciation: X-treeage) with the .sca file to calculate the possible copy number of protein molecules in the asymmetric unit [2-SCREEN]. Next, to solve the phase problem by molecular replacement, run Phaser using the diffraction data file, the template structure file with high sequence identity and structural similarity as the target protein and the protein sequence file to find the solution. [3-SCREEN-TXT]
5.10.1. New project *Media to be provided by Authors
5.10.2. Xtriage-copy number *Media to be provided by Authors
5.10.3. Phaser-molecular replacement (TEXT: Template structure PDB ID: 2XOA) *Media to be provided by Authors

5.11. Perform AutoBuild in PHENIX to generate the initial model using the output file from Phaser and the sequence file from the target protein. [SCREEN] 

5.11.1.	Perform AutoBuild in PHENIX  *Media to be provided by Authors

5.12. Manually build the structure into the modified experimental electron density using Coot [1-SCREEN] and refine using phenix-refine in iterative cycles. [2-SCREEN]

5.12.1. Coot *Media to be provided by Authors.
5.12.2. PHENIX-refine *Media to be provided by Authors.

5.13. Validate the final model using the validation tools in PHENIX. [SCREEN] 
[bookmark: _GoBack]5.13.1. Validate. *Media to be provided by Authors
5.14. To determine the protein structure, analyze the datasets in the appropriate protein structure analysis software [1-SCREEN]. 
5.14.1. *To be provided by Authors: Dataset being collected. Structure determination with software. 

6. Results: Representative N-Terminal Domain (NTD) Crystal Structure Determination 

6.1. In this representative experiment, purification of the N-terminal domain of the diamondback moth ryanodine receptor protein as demonstrated yielded a single band at about 21 kilodaltons by SDS-PAGE analysis [1-LM].

6.1.1. Authors: please upload the SDS-PAGE image from Figure 1 as its own .ai or .psd file through the submission link. [Video Editor: please emphasize RyR band at about 21 kDa] 

6.2. The elution volume from the gel-filtration column confirmed the purified ryanodine receptor N-terminal domain to be a monomer [1-LM].

6.3. Authors: please upload the graph from Figure 1 as its own .ai or .psd file through the submission link. [Video Editor: please emphasize peak]

6.4. For crystallization, the most optimal conditions under which high quality plate-shape crystals were formed was in the presence of 0.1 M HEPES of a pH of 7 and 1.6 M ammonium sulfate [1-LM].

6.4.1. Figure2.pdf. [Video Editor: please emphasize one crystal OR no animation]

6.5. Determination of the protein structure from the diffraction data set by beamline using various softwares as demonstrated, analysis revealed the diamond back moth ryanodine receptor N-terminal domain protein structure to cover covering residues 1-205 [1-LM].

6.5.1. Figure3.pdf: no animation [Video editor: display the figure first, then the short animation]
6.5.2. Structure animation_rock

7. Conclusion (said by authors on camera):
7.1. Bidhan Chandra Nayak: Proteins with a large disorder, flexible regions, or with a weak affinitiesy are challenging to crystallize. In these scenarios, protein-engineering strategies, such as, surface entropy reduction, loop-truncation, surface entropy reduction, and cross-linking, may increasemprove the likelihood of obtaining better protein crystals. 
7.2. Zhiguang Yuchi: In addition to revealing high-resolution protein structures, X-ray crystallography may also be used to study protein-pesticide interactions, which could help with structure-based pesticide design.
  

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. 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. 

6.1.1_Figure1a.ai
6.3_Figure1b.ai
6.4.1. Figure2
6.5.1. Figure3
5.4.1 clear crystal.avi
5.5.3 blue crystal.avi
5.7.1 crystal mounting on loop.avi
5.9.1. HKL2000 software opened
5.9.2. Index tab-peak search-finish
5.9.3. Index- select space group-refine-integrate
5.9.4. Scale tab-scale sets –log files
5.9.5. Adjust error model- scale set
5.9.6. Saving output and scale file
5.10.1. New project
5.10.2. Xtriage-copy number
5.10.3. Phaser-molecular replacement
5.11. Perform AutoBuild in PHENIX
5.12.1. Coot
5.12.2. PHENIX-refine
5.13. Validate
6.5.2. Structure animation_rock

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 in the email accompanying the finalized script.
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