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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N 

B.   Software Usage: Does your protocol include detailed descriptions of software usage? N

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. 2.4, 2.5, 3.3, 3.16
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. 3.16
E.  Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews)  
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Alec: This method can help answer key questions related to the biophysics of mammalian ion channels, including, but not limited to, the bestrophin family of ion channels. 
1.2. Nancy: The main advantage of this technique is that it can be applied to other types of ion channels, and generates key products for various downstream in vitro assays.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Nancy: The implications of this technique extend toward therapy of_bestrophinopathies, because assays using the purified protein contribute to our knowledge of how bestrophin channels work in the retina and how mutations in the BEST1 gene cause macular degeneration.  

Protocol: (read by voice talent at JoVE)
2. Protein Expression

2.1. 24-hours before viral infection [1-MED], add an equal volume of Trypan blue to a 15-microliter aliquot of HEK293-F cell culture [2-CU], and check the cell density and viability using a hemocytometer under a microscope [3-MED-over the shoulder-TXT]. 
2.1.1. Talent working at the TC hood. 
2.1.2. 15 ul of Trypan blue is added to a 15 ul aliquot of cells. 
2.1.3. Talent places the loaded hemocytometer on the stage of an inverted microscope, turns on the light, looks through the oculars and focuses. TEXT: Desired cell viability is >95%. 
2.2. After performing the cell count, plate 0.6 x 106 cells per milliliter in a 500-microliter volume in each of two disposable 2-liter flasks [1-MED]. 
2.2.1. Talent pipettes cells into two flasks. 
2.3. Place the flasks into a 37 °C humidified incubator with 8% carbon dioxide [1-MED]. Rotate the culture on an orbital platform at 135 rpm [2-MED-over the shoulder]. 
2.3.1. Talent approaches the incubator with a flask, opens the door and places it on the orbital shaker inside (other flasks are seen inside). 

2.3.2. Talent turns on the orbital shaker and the flasks shake.
2.4. On the day of infection, check the cell density and viability of a 15-microliter aliquot of the culture as before [1-MED-over the shoulder]. A high cell viability of over 95% is essential for efficient infection and protein expression. The expected cell density is ~1.0 x 106 cells/mL and the expected total number of cells is ~1.0 x 109 [2-MED].
2.4.1. Talent (wearing something different to show that time has passed) works at TC hood to pipette a small volume from one of the 2 L flasks. 
2.4.2. Talent places the loaded hemocytometer on the stage of an inverted microscope, turns on the light, looks through the oculars and focuses. 
2.5. Add the P3 baculovirus to the cells at a multiplicity of infection of 5 [1-MED-over the shoulder]. To determine the amount of virus to inoculate, use the equation shown on screen [2-TITLE]. Then incubate the inoculated cells for 24-hours [3-MED-over the shoulder]. 
2.5.1. Talent working at the TC hood adding the same baculovirus to each flask of cells. 
2.5.2. TEXT: 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑖𝑛𝑜𝑐𝑢𝑙𝑢𝑚 (𝑚𝐿) = (𝑀𝑂𝐼) ∗ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠/𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑢𝑠 𝑢𝑛𝑖𝑡𝑠 (𝑡𝑖𝑡𝑒𝑟)
2.6. 24-hours later, add sodium butyrate [1-CU] to a final concentration of 10-millimolar to each cell culture [2-MED] and return to incubator set at either 37 °C or 30 °C for 48 hours [3-MED-over the shoulder-TXT]. 
2.6.1. A volume is pipetted from a labeled tube of sodium butyrate. 
2.6.2. Talent pipettes the volume into one of the 2 L flasks. 
2.6.3. Talent places the two flasks of cells back into the incubator. TEXT: 30 °C may improve expression and stability of some proteins.
2.7. 48-hours later check the percentage and brightness of green cells [1-MED], which directly represent the protein, under a fluorescence microscope [2-LM-TXT]. 
2.7.1. Talent (wearing something different to show that time has passed) looks through oculars of fluo microscrope.  
2.7.2. LAB MEDIA: 57382_Yang_Zhang_Figure 1B. TEXT: 10X or 20X magnification 
2.8. Harvest the cells by centrifuging at 1,000 x g in 4 °C for 20 minutes [1-MED]. Remove the supernatant [2-MED-over the shoulder] and re-suspend the cell pellets with phosphate-buffered saline to a final volume of approximately 80-milliliters [3-CU]. 
2.8.1. Talent places 2 centrifuge tubes into the centrifuge, closes the lid and starts the spin. 
2.8.2. Talent working at the TC hood. Talent aspirates the supernatant 
2.8.3. PBS is pipetted onto one of the two cell pellets and it is resuspended by pipetting up and down. 
2.9. Split each cell suspension between two 50-milliliter conical tubes [1-MED-over the shoulder] and centrifuge for 20 minutes at 1,000 x g and 4 °C [2-MED-TXT]. 
2.9.1. Talent pipettes 2 x 40 mL volumes from one of the centrifuge tubes and splits the volume between two 50 mL conical tubes. 
2.9.2. Talent closes the centrifuge lid and starts the spin. TEXT: Store the cell pellets at -80 °C.
3. Protein Purification 
3.1. To begin the protein purification procedure, first thaw the cell pellets in a stirring water bath at room temperature [1-MED-TXT]. 
3.1.1. Talent places 2 tubes of cell pellets (from 2.9.2) into the stirring water bath. TEXT: After thawing keep pellets on ice throughout the protein purification. 
3.2. When the pellets are thawed after 10 to 15 minutes [1-MED-over the shoulder], re-suspend the cells in twice the volume of buffer A supplemented with proteinase inhibitors [2-MED-TXT]. Pipet up and down extensively to obtain a homogenous cell suspension [3-CU].
3.2.1. Talent approaches water bath, lifts a tube, examines the cell pellet and places the tube in an ice bucket. 
3.2.2. Talent aspirates from a labeled tube of buffer A and adds it to a tube containing a cell pellet. Talent pipettes up and down and then dispenses the volume into the tube containing the other cell pellet to recombine the pellets. TEXT: For example, 10 g of cell pellet in 20 mL of buffer See Table 1 for buffer formulation. 
3.2.3. The combined buffer/cell pellet suspension is pipetted up and down. 
3.3. Lyse the cells using a high-pressure homogenizer [1-WIDE]. Run the cell suspension through the homogenizer at 7 to 10 Mega-Pascals 3 to 4 times to achieve complete homogenization [2-MED]. Keep the cell lysate on ice for 2 to 3 minutes between rounds [3-MED-over the shoulder].
3.3.1. Talent approaches the high-pressure homogenizer with the lysates in an aluminum beaker on ice. 
3.3.2. Talent applies the combined cell lysate to the high-pressure homogenizer. 
3.3.3. Shot of the lysate in the ice bucket as Talent presses start on a countdown timer set to 2 or 3 min and places it next to the bucket. 
3.4. Add detergent to the cell lysate [1-MED-TXT]. Incubate with agitation for 1 hour at 20 °C to extract the membrane proteins [2-MED-over the shoulder]. 
3.4.1. Talent adds detergent from a weigh boat to the tube of cell suspension. TEXT: 2% w/v sol-grade n-Dodecyl-β-D-Maltopyranoside (DDM) is used here. 
3.4.2. Talent places the tubes on the agitator. 
3.5. Following the incubation, centrifuge the cell lysate at 150,000 x g in an ultracentrifuge at 4 °C for 1 hour [1-MED-over the shoulder]. 
3.5.1. Talent loads the cell suspensions (now in ultracentrifuge tubes) into the ultracentrifuge, closes the lid and starts the spin. 
3.6. After centrifugation, the clear cell lysate will be sandwiched between a pellet at the bottom and a cloudy layer on top [1-ECU]. Use a 10-milliliter transfer pipet to carefully collect the clear lysate [2-CU], and then switch to a 1-milliliter pipet for the last few milliliters of lysate [3-MED-over the shoulder-TXT]. 
3.6.1. Shot of the ultracentrifuge tube after centrifugation. The clear lysate is visible as described. 
3.6.2. A 10 mL transfer pipette is inserted into the clear lysate and aspirates much of it from the tube. 

3.6.3. Talent picks up a 1 mL pipette (adds a tip if necessary) and uses it to aspirate the clear lysate. TEXT: Avoid the pellet, which can clog the Ni2+ column.
3.7. Apply the lysate to a 5-milliliter His (pronounced “hiss”) Trap Nickel+-NTA affinity column pre-equilibrated with buffer A [1-MED]. 
3.7.1. Talent finishes loading a syringe with the lysate and then applies the lysate to the column in a drop-wise manner. 
3.8. Next, wash the column with 25-milliliters of buffer B followed by 40-milliliters of buffer C [1-MED]. 
3.8.1. Talent taps out any bubbles of 60mL syringe filled with buffer B, and then adds the solution to the column drop-wise (to avoid bubbles entering the column). Talent then screws on the syringe to the column. TEXT: See tables 2 and 3 for buffer formulations. 
3.9. Alec: The protocol can be paused here. The protein will remain stable while attached to the column overnight [1-INT].  
3.9.1. Named Author speaks the text to camera interview-style. 
3.10. After washing, attach the column to a fast protein liquid chromatography system and elute the protein from the column with 13 mL of buffer D with fractionation. Collect the protein-enriched fractions according to the UV absorbance readout [1-MED]. 
3.10.1. Film the fractions being made by the machine (it’s like a wheel and the wheel turns to start a new fraction). TEXT: See table 4 for buffer formulation and written protocol for FPLC conditions. 
3.11. Measure the eluted protein product concentration on a microvolume spectrophotometer by reading the absorbance at 280 nanometers [1-MED-over the shoulder/MED].
3.11.1. Talent loads a small volume of protein product onto the stage of the microvolume spec. Talent then puts down the arm of the spec. Multiple takes. Shot will be reused once. 
3.12. To remove the GFP-10xHis tag, add the TEV (pronounced “tev”, rhymes with how a car engine will “rev”) protease at a 1:1 mass ratio [1-MED] and incubate at 4 °C for 30 minutes [2-MED-over the shoulder].
3.12.1. Talent pipettes from a labeled tube of TEV protease and transfers the volume to a tube of protein product. 
3.12.2. The tube of protein product is immediately placed in a rack in the fridge next to the FPLC. 
3.13. Concentrate the protein into a final volume of 400 to 500-microliters with a 15-milliliter centrifugal filter unit [1-CU] by spinning at 4,000 x g in a 4 °C centrifuge for variable intervals beginning with 10 minutes  [2-MED].
3.13.1. The protein product is loaded into the centrifugal filter unit. 
3.13.2. Talent loads the tube(s) of protein product into the centrifuge, closes the lid and starts the spin. Multiple takes. 
3.14. Transfer the concentrated protein to a clean 1.5-milliliter tube [1-MED-over the shoulder] and remove any precipitate or bubbles from the concentrated product [2-CU]. Spin at 12,000 x g for 5 to 10 minutes at 4 °C [3-MED] then transfer the supernatant to a new 1.5-milliliter tube [4-CU].
3.14.1. Talent pipettes one of the lysates into a fresh 1.5 mL tube. 
3.14.2. A bubble is removed with a needle-tip or similar. 
3.14.3. Footage of the centrifuge spinning the samples. 
3.14.4. The centrifuge tube is in an ice bucket next to a clean, empty tube. A pipette removes the supernatant from the first tube and transfers it to the empty tube. 
3.15. Use a 1-milliliter syringe and a round-tip needle [1-MED] to load the final product on a FPLC system for size-exclusion chromatography with a size-exclusion column pre-equilibrated with buffer E [2-MED-over the shoulder-TXT]. 
3.15.1. The supernatant is sucked out of the tube from 3.14.4. with a 1 mL syringe. 
3.15.2. Talent loads the product into the FLPC system. TEXT: See table 5 for buffer formulation and written protocol for FPLC conditions. 
3.16. Well-behaved proteins run as a single peak [1-LM]. Collect the protein fraction corresponding to that peak [2-MED-over the shoulder]. 
3.16.1. LAB MEDIA: 57382_Yang_Zhang_Figure 2A
3.16.2. Talent at the machine as the fractions are collected. 
3.17. Concentrate the protein with a 4-milliliter or 0.5-milliliter centrifugal filter unit of the same molecular weight cut-off as previously used [1-CU], and spin at 4,000 x g at 4 °C to a final concentration of 5 to 10 micrograms per microliter [2-MED-over the shoulder]. 
3.17.1. The sample is loaded onto the filter unit. 

3.17.2. Talent finishes loading the tubes into the centrifuge and turns it on. 
3.18. Use the spectrophotometer to check the final product concentration [1-MED-TXT]. 
3.18.1. Talent finishes loading the sample onto the stage of the spec, clicks the mouse button to read the concentration and then smiles. TEXT: See written protocol for details of protein clean-up. Author note: This was shot as second take of 3.11.1
4. Results: Expression and Purification of a Mammalian Bestrophin Protein
4.1. The fluorescence intensity observed in transiently-transfected adhesive HEK293 cells seen here [1-LM] is a good indicator for the projected protein expression level in suspended HEK293-F cells shown here [2-LM].
4.1.1. LAB MEDIA: 57382_Yang_Zhang_Figure 1A. Show both green and grey images simultaneously. 
4.1.2. LAB MEDIA: 57382_Yang_Zhang_Figure 1B. Show both green and grey images simultaneously. 
4.2. A successful purification is indicated by a single main peak at the expected elution volume in size-exclusion chromatography [1-LM] and a single dominant band on a denatured SDS-PAGE gel [2-LM]. 
4.2.1. LAB MEDIA: 57382_Yang_Zhang_Figure 2A. Show image with peak. 
4.2.2. LAB MEDIA: 57382_Yang_Zhang_Figure 2B. Show image of DNA ladder and band.  
5. Conclusion (said by authors on camera)
5.1. Alec: While attempting this procedure, it’s important to remember to keep everything on ice during purification, and if performing multiple purifications at the same time, change gloves frequently and make sure not to contaminate samples [1-INT]. 

5.1.1. Named Talent speaks the above text to camera. Steps 3.2-3.19.
5.2. Nancy: Following this procedure, other methods like X-ray crystallography and _lipid bilayer assays can be performed to answer important questions like structure/function relationships [1-INT].
5.2.1. Named Talent speaks the above text to camera.
5.3. Alec: After its development, this technique paved the way for researchers in the field of inherited retinal diseases to explore the causes of bestrophinopathies at a molecular level [1-INT]. 
5.3.1. Named Talent speaks the above text to camera.
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.

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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