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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No (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? No 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. 
2.2-2.5, 2.6, 3.3-3.6. We also want to include crystal tray setup and images of crystals, which were not explicitly in the protocol but were a driving motivation for this work and are mentioned in discussion part of the manuscript. – Authors, it sounds like it would be appropriate to show these images in the Results section.  Please be sure to include a description of the images there.
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.) The most difficult aspect of the procedure is optimizing cell viability. This could be emphasized in discussion aspects of the video. 
E.  Will the filming need to take place in multiple locations? Yes If yes, how far apart are the locations? ~200ft, down the hall on the same floor. 


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 mammalian protein expression technique is to produce milligram quantities of natively folded proteins suitable for structural, biophysical, and functional studies. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zeynep: The main advantage of this technique is that it is a fast and straightforward protocol for obtaining secreted mammalian proteins at a concentration and purity required for structural studies [1.1.1 – MED]. 
1.1.1. Zeynep speaks toward camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.2. Dan Kober: Generally, most issues with protein yields are due to cell behavior and viability.  Closely monitoring viability and media sugar levels improves yields and prolongs the usefulness of cells.  It is also important to monitor cell density.  We find yields are dramatically reduced if the cell density reaches 2 million cells per milliliter before transfection [1.2.1 – MED].
1.2.1. Dan speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):

2. Large-scale culture and transient transfection of 293F cells
2.1. To perform large-scale culture of 293F cells, supplement 1 liter of 293F media with 10 milliliters of 100x glutamine and 5 milliliters of 100x Pen Strep [2.1.1 – MED].  The antibiotic is at a sufficient strength in serum-free conditions and the reduced antibiotic concentration improves cell viability during transfection, which improves protein yields [2.1.2 – CU].
2.1.1. Talent pipettes 10 mL of 100x glutamine into 1 L of 293F media.  Use labeled containers.
2.1.2. Labeled container of 293F media as talent pipettes 5 milliliters of 100x Pen Strep in from a labeled container.
2.2. Culture the 293F cells in 300 milliliters of media in 1 Liter polycarbonate baffled Erlenmeyer flasks with vented caps [2.2.1 - MED-over the shoulder], at 37 degrees Celsius with 8% CO2, while shaking in a standard tissue culture incubator [2.2.1 - CU]. 
2.2.1. Talent pipettes cells into a 1 Liter polycarbonate baffled Erlenmeyer flask containing 300 mL of media. 
2.2.2. (new shot number 2.2.1) Flasks shaking in the incubator. 
2.3. One day before transfection, dilute the cells to 0.5 million cells per milliliter density [2.3.1 – MED-over the shoulder]. 
2.3.1. Film as written.
2.4. On the day of transfection, supplement the culture medium by adding 10% volume of 2% weight/volume Cell Boost in 293F media [2.4.1 – CU].
2.4.1. Labeled flask as talent pipettes 2% w/v Cell Boost from a labeled container into the media.
2.5. Add kifunensine (pronounced as “ki-few-nen-seen”) at this step to control protein glycosylation [2.5.1 – MED – TXT]. 
2.5.1. Talent adds kifunensine to the flask from a labeled container.  TEXT Overlay:  1 µg/mL final concentration
2.6. Prepare DNA and transfection reagent solutions in serum-free media. Incubate for 5 minutes [2.6.1 – CU –TXT]. Next, add the transfection reagent into the DNA solution in 1 milliliter increments, mixing gently [2.6.2 – CU – TXT].  Incubate for 30 minutes at room temperature for reagent-DNA complexes to form [2.6.3 – MED-over the shoulder].  Then add the solution onto the cells in a drop-wise fashion [2.6.4 – CU].
2.6.1.  Added shot: Talent adds DNA and transfection reagent into separate tubes with serum-free media. TEXT overlay: incubate for 5 minutes
2.6.2. Labeled DNA solution as talent adds the transfection reagent into the DNA solution in 1 mL increments, mixing gently.  TEXT Overlay:  see text for plasmid DNA production
2.6.3. Talent sets a timer to countdown from 30 min and places it next to the DNA tube at room temperature.
2.6.4. Flask of cells as talent adds the DNA solution to the cells in a drop-wise fashion.

2.7. Allow the transfected cells to express protein for 72 to 96 hours [2.7.1 – MED].
2.7.1. Talent places the flasks back into the incubator.  TEXT Overlay:  see text for supplementing media 
3. Purification
3.1. To purify the glycoprotein, first decant the culture into a centrifuge flask [3.1.1 – MED].  Centrifuge for 20 minutes at 1,300 x g to pellet the cells [3.1.2 – MED-over the shoulder].  Collect the supernatant, and if necessary, spin a second time and/or use 0.22 micron filter to clarify the supernatant [3.1.3 – CU]. 
3.1.1. Film as written.
3.1.2. Talent places the centrifuge flasks into the centrifuge, shuts the lid, and starts the run.
3.1.3. Sample as talent collects the supernatant.
3.2. Next, add 10% volume of 10x nickel-nitrilotriacetic (pronounced as “ni-tril-low-tri-uh-see-tik”) acid, or nickel-NTA, binding buffer [3.2.1 – MED – TXT].
3.2.1. Talent adds the nickel-nitrilotriacetic acid binding buffer from a labeled container 10x TEXT Overlay:  see text for Ni-NTA binding buffer 
3.3. Then, prepare a gravity column at 4 degrees Celsius by adding 2 milliliters of the nickel-NTA slurry to a column [3.3.1 – CU], and equilibrating with 10 column volumes of 1x binding buffer [3.3.2 – MED-over the shoulder].  
3.3.1. Column as talent adds 2ml of nickel-NTA slurry to a column from a labeled container.
3.3.2. Talent adds 1x binding buffer to the column.
3.4. Working at 4 degrees Celsius, flow the supernatant over the resin and collect the flow-through [3.4.1 – CU – TXT].
3.4.1. Column as talent flows the supernatant over the resin and collects the flow-through.  Use labeled containers.  TEXT Overlay:  Ni-NTA binding capacity is 50mg/mL  
3.4.1a. Column at the end of flow-through step. (filmed separately as the flow-through step takes approximately 20 minutes)
3.5. After pouring the supernatant flow-through over the column, wash with 10 column volumes of wash buffer [3.5.1 – MED - TXT]. 
3.5.1. Talent washes the column with wash buffer.  Use labeled containers.  TEXT Overlay:  300 mM NaCl, 50 mM K2HPO4, 20 mM imidazole pH 8
3.6. Then, elute the protein in 5 Column volumes of elution buffer [3.6.1 – CU – TXT].
3.6.1. Column as talent elutes the protein in 5 CVs of elution buffer.  Use labeled containers.  TEXT Overlay:  300 mM NaCl, 50 mM K2HPO4, 250 mM imidazole pH 8
3.7. If deglycosylation is required, for a final volume of 0.5 milliliters, concentrate eluate to 0.43 milliliters using a centrifugation concentrator [3.7.1- MED-over the shoulder].  Pellet any debris by centrifugation at 16,000 x g and 4 degrees Celsius [3.7.2- MED].
3.7.1. Talent pipettes the eluate into a centrifugation concentrator.
3.7.2. Talent places the sample tube in to the centrifuge, shuts lid, and starts run.
3.8. Then, add 50 microliters of 500 milliMolar sodium-Citrate pH 5.5 and 20 microliters of EndoHf (pronounced as “en-doe H-F”) [3.8.1 – CU – TXT].  Incubate the mixture at room temperature for 2 hours [3.8.2 – MED-over the shoulder].
3.8.1. Sample tube as talent pipettes 50 microliters of 500 milliMolar sodium-Citrate pH 5.5 and 20 microliters of EndoHf into the tube.  Use labeled containers.  TEXT Overlay: 1 x 106 U/mL
3.8.2. Talent starts a timer to count-down from 2 hours and places it next to the sample tube at room temperature.
3.9. To remove the EndoHf, first wash Amylose Resin three times in phosphate buffered saline [3.9.1 – MED - TXT].  Incubate the protein with the washed resin for 1 hour at 4 degrees Celsius [3.9.2 – CU].  Following incubation, spin for 5 minutes at 1000 x g to pellet the resin and collect the supernatant [3.9.3 – MED-over the shoulder].
3.9.1. Talent washes Amylose Resin with PBS.  Use labeled containers.  TEXT Overlay:  wash 3x
3.9.2. Resin as talent pipettes the protein in from a labeled container.  
3.9.3. Talent pulls the pelleted resin out of the centrifuge and proceeds to collect the supernatant.
3.10. Concentrate the protein using an appropriate molecular weight cutoff centrifugation filter and buffer exchange into storage buffer [3.10.1 – CU - TXT].
3.10.1. Centrifugation filter as talent pipettes the purified protein there.  TEXT Overlay:  150 mM NaCl, 20 mM HEPES pH 7.5 
4. Results: Expression and purification of secreted mammalian proteins 
4.1. Shown here are representative SDS-PAGE results for a secreted protein expressed in kifunensine-treated cells following Nickel-affinity chromatography [4.1.1 – LM].
4.1.1. BrettTJ_Results_Fig1.tif
4.2. The first lane is the protein prior to deglycosylation [4.2.1 – LM] and the second lane is the protein following deglycosylation by EndoHf [4.2.2 – LM].  The glycosylated protein runs about 10 kiloDaltons higher and then collapses to a single band consistent with the predicted molecular weight following deglycosylation [4.2.3 – LM].
4.2.1. BrettTJ_Results_Fig1.tif. Editors, please highlight the box in the middle lane as this point is narrated.
4.2.2. BrettTJ_Results_Fig1.tif. Editors, please highlight the box in the right lane as this point is narrated.
4.2.3. BrettTJ_Results_Fig1.tif. 
4.3. Following this single purification step, crystal screens were set up using the hanging drop method [4.3.1 – LM]. 
4.3.1. BrettTJ_Results_Fig2.tif
4.4. The top image shows the initial crystal hit [4.4.1 – LM], and the bottom image shows optimized crystallization conditions [4.4.2 – LM]. 
4.4.1. BrettTJ_Results_Fig2.tif.  Editors, please zoom into the top image.
4.4.2. BrettTJ_Results_Fig2.tif.  Editors, staying zoomed in, please slide down to the bottom image.  Then, transition to the next point by zooming out to the full figure.
4.5. This demonstrates that biochemical homogeneity of the protein of interest can be a determining factor for crystallization success and an optimized mammalian expression system produces proteins amenable for this crystallization [4.5.1 – LM].  
4.5.1. BrettTJ_Results_Fig2.tif
4.6. Further purification of Nickel-purified protein is readily done by size-exclusion chromatography.  This is also a useful step towards evaluating protein production and optimizing conditions to yield properly folded proteins [4.6.1 – LM]. 
4.6.1. BrettTJ_Results_Fig3.tif
4.7. The protein of interest should be the major species in the chromatographic elution and the elution volume should correspond to the molecular weight of the protein. Earlier elution times may suggest aggregation or misfolding of the protein [4.7.1 – LM].
4.7.1. BrettTJ_Results_Fig3.tif.  Editors, please zoom into the gel to the right of the figure.  Then, highlight the protein band in lane 3 as “protein of interest should be the major species in the chromatographic elution” is narrated.

5. Conclusion (said by authors on camera)

5.1. Zeynep: Once mastered, this technique can be done in 4 days if it is performed properly [5.1.1 – MED].

5.1.1. Zeynep speaks toward camera, interview style.

5.2. Dan: While attempting this procedure, it’s important to remember to maintain sterile conditions for cell culture [5.2.1 – MED].

5.2.1. [bookmark: _GoBack]Dan speaks toward camera, interview style.

5.3. Zeynep: Following this procedure, other methods like size exclusion chromatography, multi-angle light scattering and differential scanning fluorimetry can be performed in order to address the oligomerization state and thermal stability of the protein [5.3.1 – MED].

5.3.1. Zeynep speaks toward 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.  

Insert your media filenames here.

BrettTJ_Results_Fig1.tif 
BrettTJ_Results_Fig2.tif

BrettTJ_Results_Fig3.tif  

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.
 2013, Journal of Visualized Experiments

