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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_N________  

(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)____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 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. 

2.3, 3.2, 3.4, 3.5, 3.6, 4.1, 4.2, 5.2, 5.3, 6.3, 6.4 
Note: 1.1 is crucial for the experiment, as well, but can’t be filmed, should maybe be as a computer animation.
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.) 3.2 + 3.7,3.8
E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ 

If yes, how far apart are the locations? ___________________________________________________ 
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 the protocol is the production and purification of human norovirus protruding domain in E.coli in order to obtain extremely pure protein for X-ray crystallography. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Anna Koromyslova: Our protocol of protein expression, purification, and crystallization is robust, fast, and can be used for structural and non-structural proteins [1.1.1 – MED].
1.1.1. Anna speaks toward the camera, interview style.  
1.2. Anna Koromyslova: The main advantage of this protocol is that the extremely pure proteins usually form stable crystals that can diffract to high resolutions.  Moreover, the entire protocol usually takes less than four weeks [1.2.1 – MED].
1.2.1. Anna speaks toward the camera, interview style.  
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mila Leuthold:  According to our experience, the protocol might be adjusted for some tricky proteins. For example, the medium for E.coli and the growth temperature might need to be changed [1.3.1 – MED]. 
1.3.1. Mila speaks toward the camera, interview style.  
Protocol (read by voice talent at JoVE):
2. P domain expression
2.1. To begin, transform 1 microliter of the pMalc2x (pronounced as “P-mal-C-two-X”) vector coding for the MBP-His-P (pronounced as “M-B-P-hiss-P”) domain fusion protein into 50 microliters of competent E.coli BL21 cells using a standard transformation protocol [2.1.1 – MED – TXT].
2.1.1. Talent pipettes the pMalc2x into the BL21 cells.  Use labeled containers.  TEXT Overlay: 150 ng/μL - 400 ng/μL pMalc2x vector, see text for cloning procedure  
2.2. Add 600 microliters of S.O.C. medium to the cells and grow for 1 hour at 37 degrees Celsius [2.2.1 – CU].  Subculture the transformed cells into 120 milliliters of LB-ampicillin overnight at 160 rpm and 37 degrees Celsius [2.2.2 – MED-over the shoulder].
2.2.1. Tube of cells as talent adds 600 microliters of S.O.C. medium from a labeled container.
2.2.2. Talent places the subcultured cells into the incubator.
2.3. Inoculate nine liters of LB-ampicillin with the subculture [2.3.1 – MED-over the shoulder – TXT].  Grow the cells in the incubator at 37 degrees Celsius with a shaking speed of 160 rpm until the optical density at 600 nanometers reaches 0.4-0.6 [2.3.2 – CU]. 
2.3.1. Talent inoculates nine liters of LB-amp with the subculture.  TEXT Overlay: 1:100
2.3.2. Flask with cells shaking at 37 degrees Celsius.
2.4. Subsequently, lower the temperature to 22 degrees Celsius for approximately 1 hour [2.4.1 – MED-over the shoulder].
2.4.1. Talent lowers the temperature to 22 degrees Celsius.
2.5. Mila Leuthold:  It is important to wait until the temperature reaches 22 degrees Celsius before inducing with a low amount of IPTG to allow for soluble protein expression [2.5.1 – MED – TXT].
2.5.1. Mila speaks toward the camera, interview style.  TEXT Overlay: IPTG = isopropyl-β-D-thiogalactopyranoside    
2.6. Induce the protein expression with 0.66 milliMolar of IPTG [2.6.1 – CU].  Following induction, grow the cells overnight at 22 degrees Celsius [2.6.2 – MED]. 
2.6.1. Flask as talent adds the IPTG from a labeled container.
2.6.2. Talent shuts the lid of the incubator and leaves the cells to incubate.
2.7. Harvest the cells by centrifugation [2.7.1 – MED – TXT].  Discard the supernatant and freeze the cell pellet at minus 20 degrees Celsius [2.7.2 – CU].
2.7.1. Talent puts the cells into the centrifuge.  TEXT Overlay: 10,543 x g, 15 min, 4 °C
2.7.2. Sample tube as talent removes the supernatant.
3. 1st purification step and protease cleavage 
3.1. Prepare buffers that are used for the protein purification steps from stock solutions as detailed in the text protocol [3.1.1 – Title Card].
3.1.1. Title card
3.2. Thaw the cell pellet from the nine liter culture and dissolve in 150 milliliters of phosphate buffered saline at 4 degrees Celsius [3.2.1 – MED-over the shoulder].  Sonicate the cell suspension three times for 2 minutes to disrupt the cells [3.2.2 – CU – TXT].
3.2.1. Talent pipettes 150 mL of PBS onto the cell pellet from a labeled container.  
3.2.2. Cell suspension on ice as it is sonicated.  TEXT Overlay: power 130 W, amplitude 20%, pulse frequency 50% 
3.3. Centrifuge the sonicated cell suspension to separate cell debris from the supernatant containing expressed MBP-His-P domain fusion [3.3.1 – MED-over the shoulder – TXT].  Collect the supernatant and discard the pellet [3.3.2 – MED].
3.3.1. Talent places the sonicated cell suspension into the centrifuge, shuts lid and starts the run.  TEXT Overlay: 43,667 x g, 30 min, 4 °C
3.3.2. Talent collects the supernatant and discards the pellet.
3.4. Wash and equilibrate a 10 milliliter slurry of Nickel-NTA agarose beads with 10 milliMolar imidazole buffer in a chromatography column [3.4.1 – CU – TXT]. 
3.4.1. Chromatography column with the Nickel-NTA agarose beads as talent pipettes imidazole buffer over the beads.  TEXT Overlay: 10 mL = 1 column volume [CV]
3.5. Add the equilibrated nickel beads to the supernatant containing expressed MBP-His-P domain fusion protein [3.5.1 – MED] and incubate for 30 minutes at 4 degrees Celsius with slow rotation [3.5.2 – CU].
3.5.1. Talent adds the equilibrated nickel beads to the expressed MBP-His-P domain fusion protein.  Use labeled containers. 
3.5.2. Nickel beads/fusion protein as it slowly rotates.
3.6. After incubation, apply the entire Nickel-bead-protein mixture to a chromatography column [3.6.1 – MED-over the shoulder].  Wash the column slowly with 5 CVs each of 10 milliMolar, 20 milliMolar, and 50 milliMolar imidazole buffers at 4 degrees Celsius [3.6.2 – MED].
3.6.1. Talent applies the entire Nickel-bead-protein mixture to a chromatography column.
3.6.2. Talent washes the column slowly with the imidazole buffers.  Include all labeled buffer containers in the shot.
3.7. Elute the MBP-His-P domain fusion protein using 250 milliMolar imidazole buffer at 4 degrees Celsius [3.7.1 – CU].  During elution, check the optical density at 280 nanometers to verify the elution of the fusion protein [3.7.2 – MED-over the shoulder].
3.7.1. Column as talent elutes MBP-His-P domain fusion protein into a collection tube using 250 milliMolar imidazole buffer from a labeled container.
3.7.2. Talent checks the optical density at 280 nm.
3.8. Continue the elution until the optical density at 280 nanometers drops to approximately 0.1 [3.8.1 – MED].  Working at 4 degrees Celsius, wash the beads with excessive amounts of 250 milliMolar imidazole buffer, followed by 10 milliMolar imidazole buffer.  Save the beads for the second purification step [3.8.2 – MED-over the shoulder – TXT].
3.8.1. Talent places the cuvette into the UV-spectrometer to check the optical density at 280 nm.
3.8.2. Talent washes the beads.  Include labeled containers of 250 mM and 10 mM imidazole buffer.  TEXT Overlay: at least 10 CVs of each concentration
3.9. Verify the presence of the MBP-His-P domain fusion protein with sodium dodecyl sulfate polyacrylamide gel electrophoresis, or SDS-PAGE, using a 12% SDS-polyacrylamide gel [3.9.1 – CU – TXT].  
3.9.1. SDS-PAGE gel as talent loads the lanes with the eluted protein.  TEXT overlay: 45 Amps and 200 Volts for 45 min
3.10. Then, concentrate the eluted MBP-His-P domain fusion protein to a final concentration of approximately 3 milligrams per milliliter [3.10.1 – MED-over the shoulder].
3.10.1. Talent pipettes the eluted protein into filter concentrator or stirred cell concentrator (whatever method is normally used).  
3.11. Anna Koromyslova:  The amount of HRV-3C protease needed to effectively cleave the MBP-His-P domain should be carefully calculated and depends on the total amount of eluted fusion protein and the SDS-PAGE result [3.11.1 – MED].
3.11.1. Anna speaks toward the camera, interview style.
3.12. Cleave the MBP-His-P domain fusion with HRV-3C (pronounced as “H-R-V three-C”) protease during dialysis against 2 Liters of 10 milliMolar imidazole buffer overnight at 4 degrees Celsius [3.12.1 – MED].  Depending on the final volume of concentrated protein, perform dialysis in a dialysis cassette or dialysis tubing [3.12.2 – CU].
3.12.1. Talent fills dialysis container with 2 Liters of 10 milliMolar imidazole buffer.
3.12.2. Dialysis cassette or dialysis tubing as talent pipettes the protein there.
4. 2nd purification step 
4.1. Equilibrate the nickel-beads that were set aside in 10 milliMolar imidazole buffer [4.1.1 – MED].  Incubate the dialyzed protein containing the cleaved P domain, MBP protein, and HRV-protease with the equilibrated Nickel-beads for 30 minutes at 4 degrees Celsius with slow rotation [4.1.2 – CU].
4.1.1. Talent pipettes the 10 milliMolar imidazole buffer over the nickel beads from a labeled container.
4.1.2. Nickel bead/protein mixture as it slowly rotates at 4 degrees Celsius.
4.2. Apply the Nickel-bead mixture to a column and collect the flow-through at 4 degrees Celsius; this is the cleaved P domain [4.2.1 – MED].  Measure the concentration of protein as it comes off the column until the optical density at 280 nanometers reaches approximately 0.1 [4.2.2 – MED-over the shoulder].
4.2.1. Talent applies the Nickel-bead mixture to a column and collects the flow-through.
4.2.2. Talent measures the protein concentration at 280 nm.
4.3. The MBP-His should remain bound to the Nickel-beads and the cleaved P domain is eluted in the flow-through [4.3.1 – LM]. 
4.3.1. 53845_Hansman_Figure 3B_column  
4.4. Check the presence of cleaved P domain using SDS-PAGE with a 12% gel as before [4.4.1 – MED].  After concentrating the eluted P domain to approximately 3 milligrams per milliliter, dialyze overnight at 4 degrees Celsius against gel-filtration buffer for subsequent size exclusion chromatography purification [4.4.2 – CU].
4.4.1. Talent sets up the SDS-PAGE gel.
4.4.2. Dialysis membrane or cassette containing the protein as talent places it into the dialysis buffer.
5. 3rd purification step
5.1. Wash the pumps and pipes of the high performance liquid chromatography purification system and pre-equilibrate the size exclusion chromatography-column with gel-filtration buffer [5.1.1 – MED].
5.1.1. Talent works at the HPLC to wash the system and equilibrate the column.  
5.2. Inject the P domain onto the column at a flow-rate of 1 milliliter per minute using a superloop or loop, depending on the volume of the concentrated sample [5.2.1 – CU].  After the injection is finished, increase the flow rate to 2.5 milliliters per minute [5.2.2 – MED-over the shoulder].
5.2.1. Superloop or loop as talent injects the P domain onto the column at a flow-rate of 1 mL/min.
5.2.2. Talent increases the flowrate to 2.5 mL/min.
5.3. As the optical density increases and the P domain comes off the column, collect fractions of 1.5 milliliters; the P domain is usually eluted as a dimer [5.3.1 – CU].  
5.3.1. Fractions coming off the column as they are collected in the fractionator.
5.4. After checking the fractions using SDS-PAGE with a 12% gel, pool only the purest fractions and concentrate to approximately 3 milligrams per milliliter and approximately 8 milligrams per milliliter [5.4.1 – MED].
5.4.1. Talent pools the purest fractions.
6. Crystallization of the P domain
6.1. Use the P domain at approximately 3 milligrams per milliliter and 8 milligrams per milliliter for initial crystallization screening [6.1.1 – MED].  Prepare at least 100 microliters of P domain per concentration for initial screens with 384 commercially available screening conditions [6.1.2 – MED-over the shoulder].
6.1.1. Talent works to prepare 100 microliters of protein at 3 milligrams per milliliter and 8 milligrams per milliliter for initial crystallization screening by pipetting the protein into labeled tubes.  Use labeled containers.  Continue action in next shot.
6.1.2. One of the labeled tubes as talent pipettes 100 microliters of the protein there.
6.2. Perform screening at 18 degrees Celsius in a 96-well plate format, where the reservoir contains 100 microliters of mother solution and a drop is composed of 0.2 microliters of mother solution and 0.2 microliters of protein [6.2.1 – CU – TXT]. 
6.2.1. Ready-made 96-well plate as talent displays to the camera.  TEXT Overlay: screen is performed by a robot at a core facility
6.3. Optimize the successful crystallization conditions using 15-well plates that contain 3 rows [6.3.1 – MED-over the shoulder].  Use 500 microliters of mother solution as a reservoir volume [6.3.2 – ECU – TXT].
6.3.1. Talent pulls out the 15-well plate and prepares to set it up.
6.3.2. [moved] Well of the 15-well plate as talent applies a drop size of 2 microliters and 500 microliters of mother solution as a reservoir volume.  TEXT Overlay: 1 μL protein + 1 μL mother solution 
6.4. Set up the first row with 100% mother solution [6.4.1 – MED-over the shoulder], the second row with 90% mother solution and 10% water [6.4.2 – CU], and the third row with 80% mother solution and 20% water [6.4.3 – CU]. Set up the hanging drop with a drop size of 2 µl by mixing an equal volume of protein and mother solution [6.3.2].
6.4.1. Talent sets up the crystallization conditions in a 15-well plate with 3 rows.  In the first row, talent begins to pipette 100% mother solution into each well.  
6.4.2. 15-well plate as talent begins to pipette 90% mother solution and 10% water into the second row.  
6.4.3. Same shot of the 15-well plate talent begins to pipette 80% mother solution and 20% water into the 3rd row. 
6.3.2 [moved] Lid of the 15-well plate as talent applies a drop size of 2 microliters.  TEXT Overlay: 1 μL protein + 1 μL mother solution
6.5. Use the optimized crystal conditions for co-crystallizing the P domain with ligands [6.5.1 – MED-over the shoulder].  Prepare plates as before but instead of a 2 microliter drop size, set up drops containing 1 microliter of mother solution, 1 microliter of protein, and 1 microliter of ligand at a concentration of 1 milligram per milliliter [6.5.2 – CU].
6.5.1. 15 well plate as talent prepares to set up the conditions for co-crystallizing the P domain with ligands.
6.5.2. Well as talent makes a drop with 1 microliter of mother solution, 1 microliter of protein, and 1 microliter of ligand.
7. Results: Evaluation of protein elution 
7.1. Shown here is a representative SDS-PAGE result showing the amount of eluted MBP-His P domain fusion protein after the first purification step where the MBP-His-P domain fusion protein is purified using Nickel-NTA agarose beads [7.1.1 – LM].
7.1.1. 53845_Hansman_figure1 – SDS-Page result of fusion protein 
7.2. Following separation of the MBP-His from the cleaved P domain, the amount of eluted cleaved P domain is also analyzed with SDS-PAGE [7.2.1 – LM].
7.2.1. 53845_Hansman_figure2 – SDS-Page result of cleaved protein 
7.3. After the final purification step with size exclusion chromatography, crystal screening resulted in optimized crystal conditions [7.3.1 – LM].
7.3.1. 53845_Hansman_figure6 – optimized crystal conditions 
7.4. Here the diffraction pattern of the human norovirus protruding domain is shown [7.4.1 – LM].
7.4.1. 53845_Hansman_figure7 – diffraction pattern of the protruding domain 
8. Conclusion (said by authors on camera)

8.1. Anna Koromyslova: In principle, it is possible to clone, express, purify, and crystallize proteins in less than four weeks, which makes this protocol a rapid system for analyzing newly emerging norovirus strains [8.1.1 – MED].
8.1.1. Anna speaks toward the camera, interview style.
8.2. Anna Koromyslova: While attempting this procedure, it’s important to remember quality is more important than quantity [8.2.1 – MED].
8.2.1. Anna speaks toward the camera, interview style.
8.3. Mila Leuthold: Owing to the high quality of the purified P domain, additional studies are suitable, including immunization for antibody production, NMR experiments, and ELISA-based studies.  Moreover, the purified P domain can be used for complex formation with Fab antibodies and Nanobodies [8.3.1 – MED].
8.3.1. Mila speaks toward the camera, interview style.
8.4. Mila Leuthold: After watching this video, you should have a good understanding of how to express and purify norovirus P domains of high quality [8.4.1 – MED].
8.4.1. Mila 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.  

LAB MEDIA (LM):
53845_Hansman_Figure 3B_column 
53845_Hansman_figure1 – SDS-Page result of fusion protein 
53845_Hansman_figure2 – SDS-Page result of cleaved protein 
53845_Hansman_figure6 – optimized crystal conditions 
53845_Hansman_figure7 – diffraction pattern of the protruding domain 
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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