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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)____N____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Zeiss Stereo Discovery. V8 Stereo Zoom microscope with the Objective lenses Achromat S 1.0x, FWD = 63mm
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 3.4, 4.2, 5.7
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 using the step numbers listed in this document. (Please do not list entire sections.) 4.2: you need to visually track crystals with a light microscope to identify possible changes in morphology upon addition of the ligand, if morphology changes different ligand concentration or time of incubation should be needed.
E.  Will the filming need to take place in multiple locations? (Y/N)    Y    If yes, how far apart are the locations? In different floors of the same building (20th, 21st and 2nd floors).

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 protocol is to express, purify, and biophysically and structurally characterize glycoproteins with immununoglobulin fold to gain insights into their function and therapeutic targeting. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. June Ereno-Orbea: This method can help answer key questions in the glycoprotein field, providing insights into the biological function of the protein, the role of N-linked glycans in function, and the mechanism of action of therapeutics targeting the glycoprotein.
1.2. Taylor Sicard: The main advantage of this technique is that the protocol can be applied to any glycoprotein of interest, facilitating the biophysical and structural characterization of a wide range of glycoprotein targets.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Taylor Sicard: Demonstrating the procedure will be Hong Cui, a Laboratory Research Project Coordinator in our laboratory.
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)

2. Purification of Soluble Glycoprotein from HEK293 Supernatant
2.1. To begin, prepare and transfect cells as outlined in the text protocol [1-MED/WIDE]. Harvest the cells by centrifugation at 6,371 x g and 4 °C for 20 min [2-MED]. Retain the supernatant, and then use a 0.22 μm filter to filter it [3-CU].
2.1.1. Establishing shot of the talent approaching the lab bench with a vessel of prepared cells in hand.
2.1.2. Talent places a tube of cells into a centrifuge, and then turns the centrifuge on.
2.1.3. Talent filters the supernatant through a 0.22 μm filter.
2.2. Load the filtered supernatant, at 4 milliliters per min, into a Ni-NTA (pronounce “Nickel NTA”) column in a bench-top chromatography system [1-MED]. After this, wash the column with 3 to 4 volumes or wash buffer [2-MED-TXT]. Elute the purified glycoprotein from the column using an elution buffer gradient while collecting fractions [3-MED-TXT].
2.2.1. Talent begins the pre-designed method (part of the automated chromatography system) that loads the supernatant into the Ni-NTA column. If possible, show the entire bench-top chromatography system clearly in the shot.
2.2.2. Column as the wash buffer is added. Film anything – whether it be the column itself or the control panel – that shows it is in this stage of the process. TEXT: See text for buffer composition.
2.2.3. Talent collects a fraction. Alternatively, the column can be filmed as the elution buffer is added if – as in 2.2.2 – any thing can be filmed to visually show this action. TEXT: Elution buffer gradient: 4 – 100%; See text for buffer composition. Video Editor: Please keep the “See text for buffer composition” text up for both 2.2.2 and 2.2.3 – but during 2.2.3, have the Elution Buffer text appear above it.
2.3. Pool the fractions containing the eluted peak in a centrifugal filtration device with a 10 kDa nominal molecular weight limit [1-MED/CU]. Then, concentrate by centrifuging at 4,000 x g and 4 °C for 15 min, or until the sample reaches a volume of 500 μL [2-MED].
2.3.1. Talent pools the fractions in a centrifugal filtration device. Film this as close up to the filtration device as possible to show it clearly while still capturing the action.
2.3.2. Talent places the centrifugal filtration device into a centrifuge, and then turns it on.
2.4. Inject the concentrated glycoprotein into a 500 μL sample loop [1-CU]. Load the glycoprotein onto a pre-equilibrated high-performance size exclusion column, on a FPLC system, at 4 °C, while collecting fractions [2-MED-TXT]. 
2.4.1. Talent injects the concentrated glycoprotein into a 500 μL sample loop.
2.4.2. Talent loads the glycoprotein on the high-performance size exclusion column. Please capture an additional shot or two of both the entire FPLC system and the talent collecting fractions. TEXT: Load rate: 0.5 mL/min
2.5. After this, run an SDS-PAGE gel to identify which eluted fractions contain the glycoprotein, and pool those that do [1-MED-TXT].
2.5.1. Talent, at the lab bench, setting up or running the SDS-PAGE gel. TEXT: See text for details on running SDS-PAGE gel.
3. Crystallization of Glycoproteins
3.1. Using a centrifugal filtration device with a nominal molecular weight limit of 10 kDa [1-MED], concentrate pure, de-glycosylated ECD at 4,000 x g and 4 °C until the desired concentration is obtained [2-MED-TXT].
3.1.1. Talent loads pure, de-glycosylated ECD into a centrifugal filtration device.
3.1.2. Talent places the centrifugal filtration device into a centrifuge, and then turns the centrifuge on. TEXT: ECD: Extracellular domain
3.2. After determining the protein concentration, centrifuge the sample at 12,000 x g and 4 °C for 5 minutes to remove dust and other contaminants [1-CU-TXT]. Next, add 80 μL of crystallization solution, from a commercial crystallization screen, to each reservoir well in a 96-well sitting drop crystallization plate [2-MED].
3.2.1. Close up of the sample being placed in a centrifuge, and then turning the centrifuge on. Please film this so that it looks distinctly different than 3.1.2 and we don’t repeat shots that are too similar back-to-back. TEXT: See text for details on determining protein concentration.
3.2.2. Talent, at the lab bench, adds 80 μL of crystallization solution to one of the wells in a 96-well sitting drop crystallization plate. Have the talent repeat this action a few times for other wells to cover the entirety of this voiceover.
3.3. Use a crystallization robot to dispense drops of protein into the wells of the crystallization plate – using a total drop volume of 200 nL at a one-to-one ratio of purified protein to crystallization solution [1-MED] [2-MED]. After this, seal the plate with tape [3-CU]. Transfer the sealed plate into a plate imager for inspection by visible and ultraviolet light [4-MED].
3.3.1. Talent, at the workstation computer that controls the crystallization robot, inputting the settings.
3.3.2. Shot of the crystallization robot dispensing drops. If possible, please capture a few shots of this action that are long enough to cover the entire sentence of voiceover.
3.3.3. Close up of the plate being sealed with tape.
3.3.4. Talent transfers the plate into a plate imager, then begins to set up the inspection. Video editor: The authors state that “Take 2 of this shot was mis-slated as take 2 3.3.4” but they did not specify which of the shots was mis-slated.
3.4. Identify the conditions that give initial glycoprotein crystal hits, and further optimize these crystals, as outlined in the text protocol [1-MED-over the shoulder].
3.4.1. Talent, at the workstation computer, reviews the results of the inspections. A shot of any action for one of the optimization methods can also be obtained here.
3.5. Cryo-protect the crystals by soaking them in a solution of mother liquor supplemented with 20% glycerol [1-SCOPE]. Then, mount the crystals in cryoloops [2-SCOPE]. Using liquid nitrogen, flash-freeze the mounted crystals prior to data collection [3-MED].
3.5.1. Scope shot as the talent soaks some crystals in the mentioned mother liquor solution.
3.5.2. Scope shot as the talent mounts a crystal in a cryoloop. Video editor: This shot was included as the last few seconds of the 3.5.1 shot
3.5.3. Talent uses liquid nitrogen to flash freezes a few mounted crystals.
4. Soaking Glycoprotein Crystals with its Ligand
4.1. After producing well-diffracting crystals in a 24-well crystallization plate [1-CU-TXT], prepare a stock solution of 50 mM ligand in 20 mM Tris, at pH 9.0 with 150 mM NaCl [2-MED].
4.1.1. Close up shot of a 24-well plate that contains previously prepared, well-diffracting crystals. TEXT: See text for details on producing well-diffracting crystals.
4.1.2. Talent adds the stock solution reagents in a vessel to prepare the solution. 
4.2. Add various concentrations of this ligand solution to the previously prepared drop containing the ECD crystals [1-MED].
4.2.1. Talent transfers the ligand solution to a previously prepared drop plate. Please show a few vessels, with different ligand solution concentrations, in the shot. Author note: This was not included in the shot, instead only one concentration (and one drop) was shown.
4.3. Seal the drop for incubation time lengths ranging between 5 minutes and 5 days [1-CU]. Using a light microscope, visually track the crystals to identify any possible changes in morphology [2-SCOPE].
4.3.1. Close up shot of the drop being sealed with a cover slide.
4.3.2. Scope shot of the talent inspecting some crystals. Please also capture a [MED]/[MED-over the shoulder] shot of the talent at the microscope performing this action as an establishing shot.
4.4. After incubation, mount the crystals in cryoloops and cryo-protect them in mother liquor solution supplemented with 20% glycerol [1-SCOPE].
4.4.1. Scope shot as the talent mounts a single crystal to a cryoloop, and then soaks it in the mentioned mother liquor solution. Alternatively, if both of these actions cannot be easily filmed together in one shot, either of them can be filmed (or both can be filmed separately). 
5. Characterization of Fab and Small Molecule Binding to the Glycoprotein
5.1. To begin biolayer interferometry, prepare 50 mL of 1x kinetics buffer from 10x kinetics buffer as outlined in the text protocol [1-MED-TXT].  Add 200 μL of this buffer to a pre-wetting plate [2-MED]. Transfer six Ni-NTA biosensors to the plate [3-MED], and let them hydrate in the buffer for 10 minutes [4-CU/ECU].
5.1.1. Talent, at the lab bench, prepares either the 1x kinetics buffer or the serial dilutions of Fab. Either or both of these actions can be filmed, as they’re representative of the action. TEXT: Fab: Fragment antigen binding
5.1.2. Talent adds the 1x kinetics buffer to a pre-wetting plate.
5.1.3. Talent transfers the biosensors to the pre-wetting place.
5.1.4. Close up shot of the biosensors as they are hydrating.
5.2. Next, dilute His-tagged ECD in 1 mL of 1x kinetics buffer at a final concentration of 25 nanograms per microliter [2-MED] and prepare serial dilutions of the purified Fab (pronounce as one word “fab”, as in the beginning of “fabulous” or “fabricate”).
5.2.1. Talent adds the His-tagged (pronounce “hiss-tagged”) ECD and 1x kinetics buffer together, to produce the dilution.
5.2.2. Added shot: Talent prepares serial dilutions of Fab in 1x kinetics buffer.
5.3. Aliquot the reagents into a 96-well microplate as seen here – where B represents the 1x kinetics buffer… L represents the His-tagged glycoprotein loading… the numerical entries represent the diluted Fab concentrations… and R represents the regeneration buffer [1-LM].
5.3.1. LAB MEDIA: 57750_R0_122017_revised_022018_Fig5.pdf: Visually emphasize the wells as each is mentioned. Author note: Alternatively, this step was recorded as the scientist set up the plate (slated as 5.3.2), which could be shown as an alternative to the lab media (Fig. 5)

5.4. Transfer the hydrated biosensors into wells containing 1x kinetics buffer for 60 seconds to baseline them [1-MED]. Then, load glycoprotein, at a concentration of 25 nanograms per microliter, for 240 seconds at 1,000 rpm [2-CU].
5.4.1. Talent, at the BLI instrument, starts the instrument - which transfers the biosensors into wells containing 1x kinetics buffer. Alternatively, if the plate is visible, film a CU/ECU of the sensors being transferred.
5.4.1a. Added shot: Instrument transfers biosensors into wells containing 1x kinetics buffer
5.4.2. Close up shot of the plate as the instrument transfers the sensors into the the glycoprotein.
5.5. Place the biosensors back into wells containing 1x kinetics buffer for 60 seconds for a second baseline [1-CU]. Transfer the sensors into the wells containing the serial dilutions of Fab for 180 seconds [2-CU]. After this association phase, transfer the biosensors back into 1x kinetics buffer for a 180 second dissociation step [3-CU].
5.5.1. Close up shot of the biosensors being placed into wells containing 1x kinetics buffer.
5.5.2. Close up shot as the sensors are transfered into the wells containing the serial dilutions of Fab. 
5.5.3. Close up shot as the biosensors are transferred into wells containing 1x kinetics buffer.
5.6. Next, open the analysis software [1-MED-over the shoulder].
5.6.1. Talent, at the workstation computer, opens the analysis software.
5.7. Under Tab 1, import and then select the data. Under Tab 2, Step 1: Data Selection, choose Sensor Selection. Highlight the reference wells, then right click to set the reference well [1-SCREEN].
5.7.1. *To be provided by Authors: Screen Capture – please record all actions as mentioned, in the order mentioned. Authors, please upload this screen capture to your upload link.
5.8. In Step 2: Subtraction, select Reference Wells. After this, under Step 3: Align Y-axis, select Baseline and set a time range from 0.1 seconds to 59.8 seconds [1-SCREEN]. (Author Comment:  We made one screen capture for steps 5.8 and 5.9. It will be reviewed with videographer on filming day before uploading.)
5.8.1. *To be provided by Authors: Screen Capture – please record all actions as mentioned, in the order mentioned. Authors, please upload this screen capture to your upload link.
5.9. In Step 4: Process, choose Savitzky-Golay Filtering (pronounce with a short a – “Săv-is-ski Go-lay”) and then click Process Data [1-SCREEN].
5.9.1. *To be provided by Authors: Screen Capture – please record all actions as mentioned, in the order mentioned. Authors, please upload this screen capture to your upload link.
5.10. Navigate to Tab 3. Under Step to Analyze With a 1:1 Model, select Association and Dissociation. Select Global Fitting and Group by Color. Right click the curves, click Change Color, and set all of the curves to the desired colors [1-SCREEN].
5.10.1. *To be provided by Authors: Screen Capture – please record all actions as mentioned, in the order mentioned. Authors, please upload this screen capture to your upload link. (Author Comment:  We made one screen capture for steps 5.10 and 5.11. It will be reviewed with videographer on filming day before uploading.)

5.11. After this, select Fit Curves. If the data is well fitted, export the result by clicking Save Report. Repeat the experiment for all desired conditions [1-SCREEN]. 
5.11.1. *To be provided by Authors: Screen Capture – please record all actions as mentioned, in the order mentioned. Authors, please upload this screen capture to your upload link.

6. Results: Characterization of Glycoproteins
6.1. In this study, several constructs of the CD22 extracellular domain [1-LM] are successfully cloned into the pHLsec expression vector [2-LM].
6.1.1. LAB MEDIA: 57750_R0_122017_revised_022018_Fig2.pdf: Show only Figure 2C. Hide the subfigure label text “C”.
6.1.2. LAB MEDIA: 57750_R0_122017_revised_022018_Fig2.pdf: Still show only Figure 2C. Visually emphasize the bands in the four right-most lanes (lanes 20-330, 20-504, 20-592, 20-687)
6.2. These constructs are then overexpressed in the mammalian HEK293F and HEK293S cell lines [1-LM]. While the cultures containing approximately one million and one and a half million cells per milliliter expressed very similar levels of glycoproteins [2-LM], cultures of only half a million cells per milliliter expressed noticeably less [3-LM].
6.2.1. LAB MEDIA: 57750_R0_122017_revised_022018_Fig3.pdf: Show both images for Figure 3A. High the subfigure label text “A”.
6.2.2. LAB MEDIA: 57750_R0_122017_revised_022018_Fig3.pdf: Visually emphasize the green and blue data sets in both images, as these represent the cell cultures with the higher concentrations that have similar glycoprotein expression.
6.2.3. LAB MEDIA: 57750_R0_122017_revised_022018_Fig3.pdf: Visually emphasize the red data set, which represents the culture with the concentration of 500,000 cells per milliliter.
6.3. After this, size exclusion chromatography is used to purify all constructs to size homogeneity [1-LM] – yielding a highly pure sample for crystallization and biophysical studies [2-LM].
6.3.1. LAB MEDIA: 57750_R0_122017_revised_022018_Fig3.pdf: Show only Figure 3C. Hide the subfigure label “C”.
6.3.2. LAB MEDIA: 57750_R0_122017_revised_022018_Fig3.pdf: Still show only Figure 3C. Visually emphasize the large central peak in the main image (the chromatogram) and the band in the CD22 lane of the SDS-PAGE gel image.
 

7. Conclusion (said by authors on camera)
7.1. June Ereno Orbea: Following this procedure, other methods like single particle electron microscopy can be performed in order to answer additional questions about the three-dimensional structure of the full-length extracellular domain or protein-protein complexes.
7.2. Taylor Sicard: After watching this video, you should have a good understanding of how to express, purify, and structurally and biophysically characterize glycoproteins, their ligands and targeting antibodies.


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.  

Video Editor: These have not yet been uploaded as of 4/25/18 – the authors will be reviewing these screen captures with the videographer on filming day before uploading.

5.7 – 57750_5.7.1-T2.mp4 – screen capture of step 5.7
5.8– 57750_5.8.1-T1.mp4 – screen capture of step 5.8
5.9– 57750_5.9.1-T1.mp4 – screen capture of step 5.9
5.10 – 57750_5.10.1-T1.mp4 – screen capture of step 5.10 
5.11 – 57750_5.11.1-T1.mp4 – screen capture of step 5.11


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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