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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate 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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
3.3., 4.2., 4.5., 5.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.7.2 concentration on stirred concentrator to avoid aggregation and precipitation. Avoid centrifuge concentration
5.2., 7.1. crystals grow only in 200 nl drops: crystallization plate set up by a robot is very important, as well as cryo-protectant addition directly to the drop to avoid evaporation during looping.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Maria Pellegrini: This protocol facilitates the successful structure determination of the IKK-binding domain of NEMO in its unbound form and details of its production and crystallization [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Maria Pellegrini: The protocol takes advantage of the stabilization of the native conformation of the IKK-binding domain fragment of NEMO through coiled-coil adaptors, which facilitate crystallization and structure determination [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Dale F. Mierke: The structural biology of NEMO as a target provides an important advantage in the development of NEMO inhibitors for the treatment of inflammatory and autoimmune diseases and cancer [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Michael J. Ragusa: This protocol may be extended to the structure determination of NEMO complexes with peptide or small molecule inhibitors for drug discovery or optimization [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.5. [bookmark: _GoBack]Michael J. Ragusa: The protein refolding and concentration during the protein production stage are fundamental to obtaining a pure NEMO dimer, limiting aggregation, and ensuring solubility under crystallization conditions [1].

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.6. Maria Pellegrini: Demonstrating the procedure will be Tamar and Amy, graduate students from our laboratory.  Author NOTE: Christina was also demonstrating the procedure but only Tamar and Amy were mentioned. Full name: Christina R. Arnoldy (maybe introduce her with a text overlay when she shows up in the protocol section?)

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Section - Protocol
2. Large Scale Expression of Histidine-6 (His6)-Tagged Nuclear Factor-kappa-B Essential Modulator Crystallography Construct (NEMO-EEAA) 
2.1. Begin by adding 20 milliliters of Terrific Broth solution [1] and 20 microliters of a 100-milligram/milliliter stock solution of ampicillin to a 125-milliliter Erlenmeyer flask [2] followed by a few microliters of cell glycerol stock from minus 80 degree-Celsius storage of BL21-DE3 (B-L-twenty-one-D-E-three) competent cells transformed with vector [3].
2.1.1. WIDE: Talent adding broth to flask, with broth container visible in frame
2.1.2. Talent adding ampicillin to flask, with ampicillin container visible in frame
2.1.3. Talent adding cells to flask, with cells container visible in frame
2.2. After shaking the starter culture overnight at 37 degrees Celsius and 220 rotations per minute [1], dilute the cells to an OD600 (O-D-six hundred) of 0.1 in 250 milliliters of Terrific Broth [2-TXT] and add ampicillin to a final concentration of 100 micrograms/milliliter [3].
2.2.1. Flask shaking on shaker
2.2.2. Talent adding broth to flask, with broth container visible in frame TEXT: OD600: optical density at 600 nm
2.2.3. Ampicillin being added to flask, with ampicillin container visible in frame
2.3. When the OD600 of the culture reaches 0.8-1, add IPTG (I-P-T-G) to the culture to a 500-micromolar concentration [1-TXT] and grow the cells for 4 hours at 37 degrees Celsius until the OD600 reaches 6-10 [2].
2.3.1. Talent adding IPTG to flask, with IPTG container visible in frame TEXT: IPTG: beta-D-1-thiogalactopyranoside
2.3.2. Talent placing flask at 37 °C
3. His6-Tagged NEMO-EEAA Purification
3.1. At the end of the incubation, sediment the cells by centrifugation [1-TXT] and resuspend the pellet in 40 milliliters of lysis buffer [2-TXT].
3.1.1. WIDE: Talent adding tube(s) to centrifuge TEXT: 25 min, 3800 x g, 4 °C
3.1.2. Shot of pellet if visible, then buffer being added to cells, with buffer container visible in frame TEXT: Lysis buffer: 20 mM Tris, 150 mM NaCl, 10 mM imidazole, 2 mM MgCl2, 0.5 mM PMSF, 2 mM DTT, 3 microliters endonuclease
3.2. Split the resuspended cells into two 20-25-milliliter aliquots [1] and use a French press to apply approximately 25,000 pounds per square inch of pressure to the cells, 2-3 times per aliquot in a cold room [2].
3.2.1. Talent adding cells to second tube
3.2.2. French press being applied to one aliquot
3.3. Next, add urea to the cell lysates to a final concentration of 8 molar [1] and incubate the cell solutions on a rocking platform for 2-16 hours at room temperature [2].
3.3.1. Urea being added to lysate, with urea container visible in frame Videographer: Important step
3.3.2. Talent placing tube(s) onto platform Videographer: Important step
3.4. The next morning, transfer the lysates to ultracentrifuge tubes to at least ¾ full per tube [1] and ultracentrifuge the lysates for 30 minutes [2-TXT].
3.4.1. Tube being filled to about ¾ full
3.4.2. Talent placing tube(s) into ultracentrifuge TEXT: 45 min, 125,000 x g, 25 °C
3.5. Decant the supernatants into a 50-milliliter conical tube [1] and load the urea-incubated supernatant onto an IMAC (eye-mack) column at 3 milliliters/minute [2-TXT]. 
3.5.1. Talent adding supernatant to conical tube
3.5.2. Supernatant being added to column TEXT: IMAC: nickel immobilized metal ion affinity chromatography
3.6. When all of the supernatant has run through the column, wash the column for 10 column volumes with binding buffer at 3 milliliters/minute [1] and perform gradient elution of the NEMO-EEAA (neemo-E-E-A-A) protein from 10-500 millimolar Imidazole over a 12-column volume gradient [2], collecting 1-milliliter aliquots of the eluate into a fraction collection plate [3].
3.6.1. Shot of buffer with input connecting to FPLC
3.6.2. Shot of Imidazole with input connecting to FPLC
3.6.3. Eluate being collected into plate
3.7. After SDS-PAGE (S-D-S-page) analysis of the eluted fraction [1-TXT], pool the fractions containing the pure target protein [2] and measure the protein concentration by Bradford assay according to standard protocols [3]. Author NOTE: The shots show talent adding fraction to the tube for SDS analysis and adding the 5x SDS buffer with dye to the tube for SDS-PAGE analysis. So 3.7.1, 3.7.2, 3.7.3 all pertain to sentence 1 “After SDS-PAGE (S-D-S-page) analysis of the eluted fraction [1-TXT]”. The “voice over” can stay the same though.
3.7.1. LAB MEDIA: Figure 1C TEXT: SPS-PAGE: sodium dodecyl sulfate- polyacrylamide gel electrophoresis 
3.7.2. Talent adding fraction to tube for SDS-PAGE analysis
3.7.3. Talent adding SDS buffer to sample, with SDS-PAGE gel set-up and materials visible in frame
4. His6 Tag Cleavage and Purification
4.1. To cleave the His-6 (hiss-six) tag and to remove excess imidazole from the sample, add TEV (T-E-V) at a 1:10 weight ratio of TEV:NEMO-EEAA protein to the target protein sample [1-TXT] and dialyze the sample overnight in 4 liters of a 20-millimolar Tris (triss), 150-millimolar sodium chloride, and 2-millimolar DTT solution [2-TXT].
4.1.1. WIDE: Talent adding TEV to tube, with TEV container visible in frame TEXT: TEV: tobacco etch virus
4.1.2. Talent adding sample to dialysis TEXT: DTT: dithiothreitol
4.2. The next morning, load the TEV-cleaved NEMO-EEAA sample onto a second IMAC column at 1 milliliter/minute [1], collecting the flow through in 1-milliter fractions in a 96-well fraction collection plate [2].
4.2.1. Talent loading sample onto column Videographer: Important step
4.2.2. Fraction(s) being collected on plate Videographer: Important step
4.3. Wash the column with 5 volumes of 20-millimolar Tris, 150-millmolar sodium chloride, and 10-millimolar imidazole solution at 1 milliliter/minute [1], continuing to collect the eluate in the fraction collection plate [1].
4.3.1. Wash buffer being flushed through input connection.
4.3.2. Fraction(s) being collected Author NOTE: This shot was redundant with 4.2.2.
4.4. After the last wash, elute the TEV and uncleaved His-6-NEMO-EEAA with three column volumes of 20-millimolar Tris, 150-millimolar sodium chloride, 500-millimolar imidazole, and 2-millimolar DTT solution into 50 milliliter tubes [1].
4.4.1. Shot of buffer with input connecting to system Author NOTE: This shot shows the elution buffer and the flask for collection of TEV and uncleaved His-6-NEMO-EEAA
4.5. Pool the flow-through fractions containing cleaved NEMO-EEAA construct [1] and concentrate the sample with a stirred-cell concentrator to 5 milliliters [2-TXT].
4.5.1. Talent pooling fraction(s) Videographer: Important step
4.5.2. Sample being concentrated in stirred-cell concentrator Videographer: Important step TEXT: MWCO: 3 kDa
4.6. After overnight dialysis as demonstrated, load 5 milliliters of the sample onto 16-millimeter x 60-centimeter-size exclusion chromatography columns, repeating as necessary according to the sample volume, at 1 milliliter/minute in a 2-millimolar Tris, 100-millimolar sodium chloride, and 2-millimolar DTT solution [1].
4.6.1. Talent adding sample onto column(s)with buffer container visible in frame
4.7. After pooling the fractions corresponding to the dimeric NEMO-EEAA [1], concentrate the sample in the stirred-cell concentrator with a molecular weight cutoff membrane of 3 kilodaltons to a final concentration of 113 micromolar [2].
4.7.1. Talent pooling fraction(s)
4.7.2. Sample being added to concentrator Videographer: Difficult step
4.8. Then aliquot the protein for storage at 4 degree Celsius for up to 1 month [1].
4.8.1. Talent aliquoting protein
5. Sparse Matrix Screening
5.1. For sparse matrix screening, add 60 microliters of sparse matrix solution into each of the 96 wells of a 2-drop chamber crystallization plate for sitting drop vapor diffusion [1] and add the protein solution to a robotic drop setter [2]. 
5.1.1. WIDE: Talent adding solution to well(s), with solution container visible in frame. Author NOTE: This is a deep-well 96-well plate, containing the sparse matrix screen, in the back of the crystallization plate. This was a wide plus a close up shot. 
5.1.2. Protein solution being added to well(s) Author NOTE: the wells are inside the robot. 
5.2. Next, use a robotic drop setter to dispense 100 nanoliters of protein solution at 1.65 milligrams/milliliter in a 1 to 1 ratio with reservoir solution in drop 1 to a final volume of 200 nanoliters and add 66 nanoliters of protein solution with 134 nanoliters of reservoir solution to a final volume of 200 nanoliters in drop 2 [1]. Then, immediately seal the plate with 3-inch-wide sealing tape [2].
5.2.1. Robot adding solution to wells Videographer: Important/difficult step
5.2.2. Plate being sealed Videographer: Important/difficult step
5.3. Then store the trays in a crystallization imager storage at 20 degrees Celsius [1], checking the images collected automatically for the presence of crystals starting two days after storing the plates [2].
5.3.1. Talent placing tray into storage
5.3.2. Talent checking image(s) OR LAB MEDIA: Figure 2A
6. Seed Stock Generation 
6.1. For seed stock generation, transfer the entire drop containing the crystal of interest into 50 microliters of crystallization condition solution in the provided vial from a seed generation kit [1] and vortex the seed stock with 20 seconds of pulsing and 10 seconds of rest for 3 minutes [2].
6.1.1. WIDE: Talent adding drop to vial, with kit visible in frame
6.1.2. Vial being vortexed
6.2. Then serially dilute the seed stock in 1:10 increments down to 1:10,000 [1] and store the dilutions at 4 degrees Celsius until further use [2].
6.2.1. Talent adding stock to tube(s), with other dilution tubes visible in frame
6.2.2. Talent placing dilutions at 4 °C
7. Crystal Looping
7.1. One to two days before shipment to synchrotron, cut the tape from the top of the well with the crystal of interest [1] and add 0.5 microliters of crystallization solution containing 12% 1,2-propanediol cryo-protectant directly to the well [2].
7.1.1. WIDE: Talent cutting tape Author NOTE: Should be WIDE plus a close up. 
7.1.2. Talent adding solution to well, with solution container visible in frame Videographer: Difficult step
7.2. Gently dislodge the crystal with a cryo-loop [1], loop the crystal from the well [2], and store the crystal-containing cryo-loop in a puck immersed in liquid nitrogen until shipment for X-ray diffraction [3].
7.2.1. Crystal being dislodged. Author NOTE: Steps 7.2.1, 7.2.2, 7.3.1 are combines in ONE shot, as they display a continuous action
7.2.2. Crystal being looped
7.3. Then store the crystal-containing cryo-loop in a puck immersed in liquid nitrogen until shipment for X-ray diffraction [1].
7.3.1 Talent placing loop into puck, with LN2 storage visible in frame NOTE: Author deleted VO but left the shot. Not sure why. 
8. X-Ray Data Processing and Structure Solution
8.1. After receiving the X-ray diffraction data, process the scaled intensities in the STARANISO (star-an-eye-so) Server, using an X-ray crystallography indexing cutoff mean of 1.2 for the diffraction-limit surface for the data [2] and load onto PHENIX [1].
8.1.1. WIDE: Talent at computer, loading data onto server
8.1.2 LAB MEDIA: Figure 3 Author NOTE: Show 8.1.2. before 8.1.1. 
8.1.1 WIDE: Talent at computer, loading data onto server 
8.2. To determine the structure, use the X-ray structure of GCN4 (G-C-N-four) as a search model for molecular replacement using MRage (M-rage) in PHENIX (phoenix) [1].
8.2.1. SCREEN: Pellegrini 8.2.1_t1 AND Pellegrini_8.2.1._t1_continuation: 00:32-00:38 Author NOTE: This is one screenshot split in 2 videos. 
8.3. The 4DMD (four-D-M-D) structure will be defined as an “ensemble” and the MRage solution will successfully build the structure portion corresponding to the N-terminal coiled-coil adaptor of NEMO-EEAA, homologous to the search model, for both chains in the dimer [1].
8.3.1. LAB MEDIA: Figure 4A 



Section – Results
9. Results: Representative Production, Crystallization, and Structure Determination of the IKK-Binding Domain of NEMO 

9.1. The overexpressed protein appears as a band at approximately the 14 kilodalton molecular weight marker before [1] the first IMAC column purification [2] and displays a monomer band and a dimer band at 14 and 28 kilodaltons, respectively, after the first elution [3].

9.1.1. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize band at 14 kD in lane 3
9.1.2. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize band at 14 and 28 kD in lane 9

9.2. TEV cleavage is practically complete following the elution through the second IMAC column, almost entirely as a dimer, at the expected molecular weight [1].

9.2.1. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize band at 28 kD in lane 11

9.3. Size exclusion chromatography displays a single peak eluting between 60-65 milliliters corresponding to the dimer [1].

9.3.1. LAB MEDIA: Figure 1D: JoVE Video Editor please emphasize peak at about 60-65 mL 

9.4. Fine screening produces crystals can be utilized to produce a seed stock [1] for the production of NEMO-EEAA crystals [2] for data collection [3].

9.4.1. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize crystal in left image
9.4.2. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize crystal in right image
9.4.3. LAB MEDIA: Figure 2: JoVE Video Editor please outline/indicate red circle in right image

9.5. Here representative NEMO-EEAA crystal diffraction profiles are shown [1].

9.5.1. LAB MEDIA: Figure 3

9.6. Structural analysis of the NEMO-EEAA protein reveals a homo-dimeric, irregular, parallel coiled coil approximately 175 angstroms in length [1].

9.6.1. LAB MEDIA: Figure 4

9.7. The regular coiled-coil region encompasses the ideal coiled-coil adaptor sequence at the N-terminus [1] and the first two heptads of the NEMO proper sequence [2]. 

9.7.1. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize left, light blue sections of coil
9.7.2. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize about first 5 loops of dark blue sections of left-hand side of coil

9.8. A regular coiled coil is also present at the C-terminus, starting at NEMO residue 97 and encompassing the C-terminal ideal coil-coil adaptor [1].

9.8.1. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize about last 4 loops of dark and light blue parts of righthand sections of coil sections

9.9. The I-kappa-B-kinase-beta-bound structure displays a more open coiled-coil conformation to accommodate the ligand, with a larger interhelical spacing by 1-2.2 angstroms in this region [1].

9.9.1. LAB MEDIA: Figure 4B






Section - Conclusion
10. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
10.1. Maria Pellegrini: The structure of unliganded NEMO offers a new target for the design of inhibitors through computational methods and for the virtual screening of binding pockets with small molecule libraries [1].
10.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
10.2. Maria Pellegrini: We now have a path for crystallization of the engineered NEMO construct in complex with small molecule ligands to aid in developing and optimizing a new class of NF-kappa-B inhibitors [1].
10.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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