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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
2. Does your protocol include software usage? (Y/N) Y We decided to simply film active runs and stills of data on the computer screen rather than recording the setup of the software.
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.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
The most important steps for the viewers to see are the steps using the HPLC and FPLC machines (steps: new viral fluorescence check, 2.5, 3.2, 3.3, 3.4, and 3.6).
4. 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. 
The most difficult aspect of this procedure is judging the quality of the protein being purified based on the profile shape shown in the FSEC and SEC traces (steps 3.2.2 and 3.8.2).
5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 

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. Emery Haley: This protocol enabled us to solve the structure of human TRPC3, a member of an important, but understudied family of ion channels [1].

1.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.2. Emery Haley: The main advantage of this technique is the high efficiency with which it can be applied to express and purify a variety of proteins for both structural and functional studies [1].

1.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.


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

1.3. Emery Haley: This method can provide an efficient protein expression and purification system for use in studying protein biochemistry and biophysics, and can be applied to a wide variety of ion channels and other membrane proteins [1].

1.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)


1.4. Emery Haley: Demonstrating the procedure will be Wooyoung Choi, a fellow graduate student from my laboratory [1] [2].

1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. (Author Comment: This person decided not to participate in the demonstration, so all interview statements and demonstrations were made by Emery Haley.)





Section - Protocol
2. Infection of HEK293 Mammalian Cells with P2 Baculovirus for Large-scale Protein Expression
2.1. First, check the check the relative virus expression by viewing the GFP fluorescence of the virus in a sample of the virus producing culture [1].
2.1.1. LAB MEDIA: Figure 1C.
2.2. In a baffled-bottom Erlenmeyer culture flasks of sufficient size [1-TXT], prepare a desirable volume of a HEK293 mammalian cell suspension culture at a concentration of 3.5 – 3.8 million cells per milliliter in the expression medium, supplemented with 1 percent sterile FBS [2].
2.2.1. WIDE: Establishing shot of the talent approaching the lab bench with a baffle-bottled Erlenmeyer culture flask in hand. TEXT: See text for details on medium composition and cell culture. Video Editor: Keep this text overlay up for all of 2.1.
2.2.2. MED: Talent begins preparing the described cell suspension culture. Any action taken during this preparation can be filmed for this shot.
2.3. Add 8 percent by volume of prepared P2 virus stock solution [1-TXT], and incubate in an orbital shaker at 37 degrees Celsius and 135 rpm [2]. At 12 – 18 hours post-infection, add 10 millimolar sodium butyrate [3]. Incubate at 30 degrees Celsius for the amount of time necessary for optimal protein expression [4-TXT].
2.3.1. MED: Talent adds the prepared virus stock to the flasks. TEXT: See text for details on preparing virus stock.
2.3.2. MED: Talent places the flasks in the orbital shaker to incubate. (Author Comment: This is essentially the same shot as 2.3.4 because the same type of flask and incubator are used.) (Editor: I’m not sure if this was filmed or if the authors want us to reuse 2.3.4. If a separate shot was filmed, use that to avoid reusing the shot so close to it’s originally intended location)
2.3.3. MED: Talent adds sodium butyrate to the flasks.
2.3.4. MED: Talent places the flasks into an incubator. TEXT: Optimal protein expression: Usually 36 – 72 h.
2.4. After this, centrifuge at 2,880 x g for 20 minutes to harvest the cells [1]. Wash and re-suspend the cells in approximately 100 milliliters of TBS per liter of cells harvested [2-TXT]. Centrifuge again at 2,880 x g for 20 minutes, and collect the cell pellet [3].
2.4.1. MED: Talent places the samples into a centrifuge, and closes the centrifuge lid. (Author Comment: This appears the same as 2.4.3.) (Editor: I’m not sure if this was filmed or if the authors want us to reuse 2.4.3 If a separate shot was filmed, use that to avoid reusing the shot so close to it’s originally intended location)
2.4.2. MED: Talent washes/re-suspends the cells in TBS. TEXT: TBS: Tris-buffered saline.
2.4.3. MED: Talent place the samples into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
2.5. Collect these small 1 milliliter cell pellet harvests at varying time points, [1] and solubilize for 2 hours at 4 degrees Celsius with agitation in the presence of different detergents and/or additives [2-TXT].
2.5.1. MED: Talent harvests a cell pellet.
2.5.2. CU: Close up shot of the cells solubilizing while being agitated. Alternatively, film the talent setting up the solubilization (turning on the stirring, etc). TEXT: Agitation: rocking or stirring.
2.6. Clarify these small whole-cell solubilized samples by ultracentrifugation at 235,000 x g and at 4 degrees Celsius for 10 minutes [1]. Then, run them as 30 microliter samples on an SEC chromatography column to determine the best time for expression and the best solubilization conditions [2-TXT].
2.6.1. MED: Talent places the samples into an ultracentrifuge, closes the lid, and turns the centrifuge on. (Author Comment: This is the small table-top centrifuge with 1.5ml Eppendorf tubes.)
2.6.2. MED: Talent approaches the lab bench with the SEC column, and loads the sample. Alternatively, the talent can be filmed at a workstation computer as they review previously obtained FSEC data. TEXT: FSEC: Fluorescence size-exclusion chromatography.
(Author Comment: For this we recorded loading of the sample into the machine with the column already attached and set-up. We also filmed the run screen as a sample run was started and as a sample peak appeared in the live trace. This is the same actions as 3.2.2, 3.3.2, 3.4.2, and 3.6.1. For all of these, the method is FSEC (fluorescence size-exclusion chromatography) and the machine is HPLC (high-pressure liquid chromatography).) 

(Editor: If separate shots were provided for the mentioned shots, use those. Otherwise, reuse this)
3. Purification of Htrpc3 Protein from the Frozen Cell Pellet
3.1. Thaw the pellet in 100 milliliters of buffer per liter of cells harvested [1-TXT]. Once the cells are thawed, pipette or stir them to ensure the solution is homogeneous [2]. Let the cells solubilize at 4 degrees Celsius in a beaker immersed in ice for 2 hours while being stirred by a stir bar [3].
3.1.1. MED: Talent adds buffer to the cells to thaw them. TEXT: See text for buffer composition.
3.1.2. CU: Close up of the cells as the talent pipettes the solution.
3.1.3. MED: Talent places the cells in beaker – which is immersed in ice – to set up the solubilization. (Author Comment: We recorded one take in which the cells are visibly stirring and one in which the stirring is not visible.) (Editor: if the one with stirring looks good enough, use that take)
3.2. Next, remove any cell debris by ultracentrifugation at 235,000 x g and at 4 degrees Celsius for 1 hour [1]. Run a 30 microliter sample on an SEC column by HPLC to verify the protein quantity and to visualize the target protein by GFP signal output [2].
3.2.1. MED: Talent places the samples into an ultracentrifuge, closes the lid, and turns the centrifuge on. (Author Comment: This is the floor standing ultracentrifuge.)
3.2.2. MED: Talent, at the lab bench with the SEC column, loads a sample and runs it by HPLC. Alternatively, show the talent at a workstation computer as they review previously obtained SEC data. 
3.3. Incubate the supernatant, which contains the solubilized protein, with a cobalt affinity resin at 4 degrees Celsius for 1 – 2 hours [1]. Run a 30 microliter sample on an SEC column to verify that the protein is binding to the resin [TXT].
3.3.1. MED: Talent places the sample – with the cobalt affinity resin – into a refrigerator to incubate.
3.3.2. MED: Talent, at the lab bench with the SEC column, loads a sample and runs it by HPLC. Alternatively, show the talent at a workstation computer as they review previously obtained SEC data. TEXT: See text for details on verifying protein binding.
3.4. Then, wash the resin with 10 column volumes of buffer [1]. Run a 30 microliter sample on an SEC column to check for protein loss [2-TXT].
3.4.1. MED: Talent washes the resin with buffer.
3.4.2. MED: Talent, at the lab bench with the SEC column, loads a sample and runs it. Alternatively, show the talent at a workstation computer as they review previously obtained SEC data. TEXT: See text for details on checking protein loss.
3.5. Using buffer, elute the resin-bound hTRPC3 [1]. Add thrombin at a 1-to-20 molar ratio, and add 10 millimolars of EDTA to the eluted sample [2]. Incubate at 4 degrees Celsius for 3 hours [3].
3.5.1. MED: Talent uses buffer to elute the resin-bound hTRPC3.
3.5.2. MED: Talent adds thrombin and EDA to the eluted sample.
3.5.3. MED: Talent places the samples into a refrigerator to incubate.
3.6. Run a 90 microliter sample, that has been diluted 1-to-100, on an SEC column to check that the protein has been eluted and to verify the presence of a GFP signal at the position corresponding to the target protein size [1].
3.6.1. MED: Talent, at the lab bench with the SEC column, loads a sample and runs it. Alternatively, show the talent at a workstation computer as they review previously obtained SEC data.
3.7. After this, transfer the eluate to a 15 milliliter centrifugal filter tube [1]. Spin the tube at 2,800 x g and at 4 degrees Celsius in 5 minute increments to concentrate the eluate to 500 microliters or less [2]. Pipette the protein solution up and down between spins to re-suspend the protein and prevent over-concentrating [3].
3.7.1. MED: Talent transfers the eluate to a centrifugal filter tube.
3.7.2. MED: Talent places the centrifugal filter tube into a centrifuge, closes the centrifuge lid, and then turns the centrifuge on. (Author Comment: This is the table top centrifuge in the lab bay.)
3.7.3. MED: Talent pipettes the protein solution up and down.
3.8. Load the concentrate onto an SEC column in buffer [1]. Run fast protein liquid chromatography and collect 300 microliter fractions [2]. Then, combine the peak fractions that contain the TRPC3 tetramer – as visualized by the UV absorbance signal [3] – and concentrate again to a final concentration of at least 5 milligrams per milliliter [4].
3.8.1. MED: Talent, at the lab bench with the SEC column, loads the concentration into the column. (Author Comment: For this we recorded injecting the sample into the loop of an FPLC (fast protein liquid chromatography) machine with the column already attached. The method here is SEC (size exclusion chromatography).)
3.8.2. MED: Talent runs the concentration through the column by FPLC. (Author Comment: We recorded images of the workstation computer showing previously obtained data.)
3.8.3. MED: Talent combines the peak fractions.
3.8.4. MED: Talent places a tube of the combined fractions into a centrifuge, and closes the centrifuge lid. (Author Comment: This is also the table top centrifuge in the lab bay shown in 3.7.2.)




Section – Results
4. Results: Structural Determination of TRPC3
4.1. The hTRPC3 (“H-trip-C-three”) is whole-cell solubilized in a variety of detergents with a critical micelle concentration of 0.01 to 20 micromolars, and was run in a DDM/CHS-containing (“D-D-M C-H-S”) buffer [1]. Although DDM/CHS shows the highest solubility of hTRPC3, the peak position appears too large to be the tetrameric hTRPC3 [2].
4.1.1. LAB MEDIA: Figure 2. Video Editor: Show only Figure 2A.
4.1.2. LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2A. Emphasize the tallest peak (the blue peak, labeled “TRPC3 in DDM/CHS”).
4.2. After whole-cell solubilization, the cell lysis debris is removed and the solubilized protein is loaded on a SEC column and run on HPLC in DDM/CHS detergent-containing buffer to compare the absolute solubility and peak volume of hTRPC3 under different conditions relative to a TRPM4 control [1].
4.2.1. LAB MEDIA: Figure 2. Video Editor: Show only Figure 2B.
4.3. All of the different detergent-solubilized TRPC3 samples show peak positions around 11.9 milliliters, which is likely too large because the tetrameric form of hTRPC3 has a smaller molecular weight than the positive human control TRPM4 [1].
4.3.1. LAB MEDIA: Figure 2. Video Editor: Still show only Figure 2B. Emphasize the blue peak (for TRPC3 in DDM/CHS) located around 11.86 mL.
4.4. Two different solubilization and running buffers, containing DDM/CHS and digitonin, are then tested [1]. The protein run in buffer containing digitonin yields the highest peak in a reasonable position relative to the positive control [2].
4.4.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3A.
4.4.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3A. Emphasize the highest peak (the yellowish peak with a value of 18.33 for the dataset “TRPC3 in digitonin run in Digitonin buffer”).
4.5. While a small-scale purification using 25 milliliters of cells shows several broad peaks [1], the protein shows features of a single tetrameric hTRPC3 channel in 2D classification by negative-stain EM [2].
4.5.1. LAB MEDIA: Figure 3. Video Editor: Show only Figures 3B and 3D side-by-side. In Figure 3B, emphasize the larger broad peaks in the red data set during “…shows several broad peaks…”
4.5.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figures 3B and 3D side-by-side. In Figure 3D, emphasize the lower image (the images for “TRPC3 in Digitonin”)
4.6. Additives are then screened based on the physiological character of hTRPC3 [1]. EDTA shows a remarkable effect on stabilizing hTRPC3 in an intact tetrameric peak position, and significantly increased the number of particles in the cryo-EM micrograph and decreased the noise in the background [2].
4.6.1. LAB MEDIA: Figure 4. Video Editor: Show only Figure 4A.
4.6.2. LAB MEDIA: Figure 4. Video Editor: Still show only Figure 4A.



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

5.1. Emery Haley: The quality of the final results depends on good troubleshooting of the FSEC profiles on HPLC. And on completing all of the steps quickly, ideally in a single day [1] [2].

5.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

5.1.2. Use shots from 2.6.
5.2. Emery Haley: Structural determination, antibody generation, and functional studies such as biding assays or electrophysiology can be performed after this procedure [1].

5.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
5.3. Emery Haley: This technique can and has been adapted to study other ion channels and protein families, and to produce purified proteins for applications beyond structural determination [1].

5.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
5.4. [bookmark: _GoBack]Emery Haley: The appropriate precautions for managing cell culture biohazards, such as working in a laminar flow hood, wearing protective clothing, and properly disposing of waste, should be taken [1]

5.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
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