

[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 60747
Scriptwriter Name: Qingyun Ping
Project Page Link: https://www.jove.com/account/file-uploader?src=18527883

Title: Strategic Screening and Characterization of the Visual GPCR–mini-G Protein Signaling Complex for Successful Crystallization

Authors and Affiliations: Filip Pamula1,2, Jonas Mühle1, Alain Blanc3, Rony Nehmé4, Patricia C. Edwards4, Christopher G. Tate4, Ching-Ju Tsai1

1Laboratory of Biomolecular Research, Paul Scherrer Institute, Villigen, Switzerland
2Department of Biology, ETH Zürich, Zürich, Switzerland
3Center for Radiopharmaceutical Sciences, Paul Scherrer Institute, Villigen, Switzerland
4Laboratory of Molecular Biology, Medical Research Council, Cambridge, United Kingdom

Corresponding Author: 
Filip Pamula
filip.pamula@psi.ch
Ching-Ju Tsai
ching-ju.tsai@psi.ch




Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No.

2. Does your protocol include software usage? (Y/N) Yes
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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1, 2.6, 2.7, 4.2
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. (Please do not list entire sections.)
2.6, 2.7.

5. Will the filming need to take place in multiple locations? (Y/N) No, but filming may take place in different rooms.
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Ching-Ju Tsai: Signal transduction is one of the most important topics in biological and pharmaceutical research. It requires membrane proteins to transmit signals to their intracellular signaling partner protein. This protocol is designed to perform a systematic detergent screening in preparation of a signaling complex aiming for structure determination [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


1.2. Filip Pamula: This protocol uses the commonly available techniques in a well-established biology laboratory and can be easily performed by beginners in the field. We comprise these methods to find the most critical parameter in preparation of a membrane protein complex [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.




Section - Protocol
2. Cell Membrane Solubilization and Protein Extraction
2.1. To begin, thaw 30 grams of HEK293 GnTI- (pronounce as heck-2-9-3 G-N-T-eye deficient) cell pellet to room temperature [1], and transfer it to a beaker [2]. add Add 120 milliliters of PBS buffer containing protease inhibitor cocktail [23] and homogenize using a Dounce homogenizer or an electric homogenizer at 13,000 rpm for 30 seconds [34]. 
2.1.1. Talent takes the cell pellet from the freezerice bucket. 
2.1.2. Added shot: Talent pours the cell pellet into a beaker. 
2.1.3. 
2.1.4. CU: Talent adds buffer into the samea beaker.
2.1.5. Talent homogenizes the mixture in the beaker. Important Step
2.2. Collect the homogenized cell suspension in a beaker and aAdjust the volume to 150 milliliters with PBS buffer [1]. Gently add 10% DDM (pronounce as D-D-M) to the homogenized cells to give a final concentration of 1.25% [2-TXT]. Stir on ice for 1 hour [3].
2.2.1. TTalent transfers the mixture into a beaker, and adds buffer into the beaker.
2.2.2. CU: Talent adds solution into the beaker. TEXT: DDM: dodecyl maltoside
2.2.3. Talent places the beaker on iceice bucket with the beaker toon a stirrer, and add a stirring magnetic bar into the beaker. Turn on the stirrer to swirl the solution..
2.3. After solubilization, cCentrifuge the cell lysate at 4 degrees Celsius and 150,000 times g for 45 minutes [1] to remove the unsolubilized debris. Transfer the supernatant to a 500-milliliter bottle and add 10 milliliters of the 50% 1D4 (pronounce as one-D-four) immunoaffinity agarose resin [2]. Gently mix the solubilized cell lysate and resin for 4 hours or overnight at 4 degrees Celsius to allow protein binding [3].
2.3.1. Talent transfers the solution in to centrifuge tubes, then places the tubes into a centrifuge rotor.
2.3.2. CU: Talent transfers the supernatant into a bottle, and adds 10 mL resin.
2.3.3. Talent places the bottle onto a shaker.
2.4. Load the lysate resin mixture to an open column to collect the resin. Wash the resin with 10 column volumes of the wash buffer A to remove protein contaminant. [1]. Close the valve, and resuspend the resin with 2 column volumes of Buffer A [2]. 
2.4.1. Talent loads the mixture to a column, and adds buffer. (real sample)
2.4.2. Talent adds buffer to resuspend the resin. (mock sample)
2.5. Next, under dim red-light condition, add 9-cis (pronounce as nine cis) retinal to the resuspended resin to the a final concentration of 50 micromolar [1]. Gently mix at 4 degrees Celsius for 4-16 hours in the dark for retinal binding [2].
2.5.1. Talent adds solution into the column. TEXT: Perform the following steps under dim red-light condition!
2.5.2. Talent closes the column with a lid, takes it off the holder, and gently flip the column and places the column on a shaker.
2.6. After that, open the valve and remove the flow throughbuffer from the column [1]. Wash resin with 20 column volumes of Buffer A, followed by 15 column volumes of Buffer B to remove unbound retinal [2]. Resuspend the resin in 2 column volumes of Buffer B [3], and then divide the resin suspension equally to 10 10-milliliter disposal columns [4].
2.6.1. Talent opens the valve and uses a beaker at the bottom to remove collect the flow flow-through. Important Step
2.6.2. Talent adds buffer into the column.
2.6.3. Talent closes the valve, and adds buffer.
2.6.4. Talent transfers the resin suspension into 10 columns. Important Step
2.7. Remove the flow throughbuffer from the 10 columns [1], and then resuspend the resin each in 1 milliliter of Buffer C for detergent change [2]. Incubate for 1 hour at 4 degrees Celsiuson ice [3]. Repeat the washing and the incubation in Buffer C one more time [4].
2.7.1. Shot of the solution dripping down from the small columns. Videographer: Take multiple shots, as this will be used later.
2.7.2. Talent adds buffer into the small columns. Important Step
2.7.3. Talent places the columns into a refrigeratoron ice.
2.7.4. Use 2.7.1
2.8. Remove the flow throughbuffer from the columns [1], and then resuspend the resin in 0.8 milliliters of Elution Buffer for each column [2]. Gently mix for 2 hours [3]. Collect the elution from each column into a 2-milliliter tube [4].
2.8.1. Use 2.7.1
2.8.2. Talent adds 0.8 mL of buffer into each small column.
2.8.3. Talent places the columns on a shaker.
2.8.4. Talent places the columns on a rack to receive the elution into tubes.
2.9. Resuspend the resin in 0.7 milliliters of Elution Buffer for each column [1]. Gently mix for 1 hour [2]. Collect the elution from each column into the same tubes [3].
2.9.1. Talent adds buffer into each column.
2.9.2. Talent places the columns on a shaker.
2.9.3. Talent places the columns on a rack to receive the elution into tubes.
3. UV-VIS Spectroscopy
3.1. In the dark, load the eluted protein to the quartz cuvette [1-TXT]. Measure the spectrum of the protein sample [2-SCREEN]. Illuminate the protein directly in the cuvette for 2 minutes with light passed through a 495-nanometer long-pass filter [3]. Measure the spectrum of the illuminated sample [4-SCREEN].
3.1.1. Talent transfers the solution from a tube into a cuvette. TEXT: Perform this step in the dark!
3.1.2. SCREEN shows the measured spectrum of the dark-state rhodopsinTalent shows the spectrum. (JoVE_SCREEN_60747_Step3.1.2.DarkSpectrum.png)
3.1.3. Talent shines light through a filter onto the cuvette, and starts a timer.
3.1.4. SCREEN shows the measured spectrum of the illuminated rhodopsin overlaid with the spectrum of the dark-state rhodopsin. (JoVE_SCREEN_60747_Step3.1.4.LightSpectrum.png)
3.1.5. Talent shows the spectrum.
3.2. Perform the same measurement for all the protein samples purified in the other 9 detergents, both dark and illuminated states [1].
3.2.1. Talent transfers the samples into cuvettes.
4. Automated Size-Exclusion Chromatography of Rhodopsin and Rhodopsin–Mini-Go Complex
4.1. Under normal light, for each detergent condition, prepare 100 microliters of rhodopsin at 0.7 milligrams per milliliter [1]. 
4.1.1. Talent shows a prepared solution.
4.2. AlsoUnder dim-red light, prepare 100 microliters of mixture of rhodopsin at 0.7 milligrams per milliliter and mini-Go (pronounce as mini-G-o) at 0.2 milligrams per milliliter. Supplement the mixture with 1 millimolar magnesium chloride [1]. Illuminate the mixture with light from a 495-nanometer long-pass filter and incubate for 30 minutes [2].
4.2.1. Talent adds solution into another solution.
4.2.2. Talent shines light through a filter to the solution. Important Step
4.3. Transfer the samples to the autosampler vials and place them in the sample tray [1]. Program a method file to automate sequential SEC (pronounce as Seck) runs for each sample, with the autosampler loading 77 microliters of the sample to the column, and the purifier eluting 24 milliliters of SEC buffer at a flow rate of 0.5 milliliters per minute per run [2-LM]. 
4.3.1. Talent transfers samples into vials, and places them in the tray.
4.3.2. SCREENLab Media: Talent programs runs for each sample. TEXT: SEC: size exclusion chromatography Video editor: Show text when VO says the word. (JoVE_LM_60747_Step4.3.2.SECmethod.avi)
4.4. Record the absorbance at 280 nanometers and 380 nanometers [1]. Collect the peak fractions of rhodopsin and rhodopsin–mini-Go complex at the retention volume around 12.9 milliliters [2].
4.4.1. SCREENLab Media: Talent shows the absorbance and zooms in at the peak region. (JoVE_LM_60747_Step4.4.1.SECrhodopsin.avi)
4.4.2. Talent places 96-well trays to collect fractions.
4.5. Analyze the left rhodopsin samples and the peak fractions of rhodopsin–mini-Go complex on 4-12% SDS-denaturing gradient gels with Coomassie blue staining [1].
4.5.1. Talent adds blue solution into gels.
5. Deglycosylation and LC-MS Study
5.1. Prepare a 200-microliter mixture of rhodopsin at 1 milligrams per milliliter and PNGase F13 (pronounce as P-N-G-ase F) at 0.01 milligrams per milliliter [1]. Mix well and incubate at 4 degrees Celsiuson ice overnight [2].
5.1.1. Talent add a solution into another solution.
5.1.2. Talent shakes the solution and places it on iceinto a refrigerator.
5.2. Prepare a 200-microlitier mixture of rhodopsin at 1 milligrams per milliliter and Endo F113 at 0.01 milligrams per milliliter [1]. Mix well and incubate at 4 degrees Celsiuson ice overnight [2].
5.2.1. Talent add a solution into another solution.
5.2.2. Talent shakes the solution and places it ointo a refrigeratorn ice.
5.3. Analyze the digestion result by SDS-PAGE (pronounce as S-D-S-page) and Coomassie blue staining [1].
5.3.1. Talent adds blue solution into gels. 



Section – Results
6. Results: UV-VIS spectroscopy, SEC, and SDS-PAGE
6.1. In this study, small-scale purification set-up yielded sufficient protein for further analyses [1].
6.1.1. Figure 1A
6.2. UV-VIS (pronounce as ultravioletU-V-visible) spectra of rhodopsin show the dark-state, 9-cis retinal-bound rhodopsin in blue curves [1]. After illumination, 9-cis retinal is deprotonated and isomerizes into all-trans retinal [2]. 
6.2.1. Figure 2A – Video editor: emphasize the blue curves.
6.2.2. Figure 2A – Video editor: emphasize the red curves.
6.3. The ratios of Absorbance at 280 nanometers over Absorbance at 488 nanometers [1] and Absorbance at 280 nanometers over Absorbance at 380 nanometers [2] depict the stability of rhodopsin purified in each detergent the dark state and light state, respectively [3].
6.3.1. Figure 2B – Video editor: emphasize the blue bars.
6.3.2. Figure 2B – Video editor: emphasize the red bars.
6.4. Size-exclusion chromatography profiles of rhodopsin and rhodopsin–mini-Go complex purified in 10 different detergents are shown here [1]. The profile of the standard marker proteins is shown as overlay together with the DDM (pronounce as D-D-M) sample [2].
6.4.1. Figure 3A
6.4.2. Figure 3A – Video editor: emphasize the first image.
6.5. [bookmark: _GoBack]The interpretation of the peak profiles is shown for DMNG (pronounce as D-M-N-G), with the ideal scenario seen for DDM, DM, Cymal-6, Cymal-5 and OGNG (pronounce as O-G-N-G) [1]. The magnified profile of the OGNG sample shows both rhodopsin and rhodopsin–mini-Go complex eluted around the same retention volume [2]. 
6.5.1. Figure 3A – Video editor: emphasize DMNG first, then emphasize DDM, DM, Cymal-6, Cymal-5 and OGNG one by one.
6.5.2. Figure 3B
6.6. The SDS-PAGE analysis of rhodopsin [1], and SEC (pronounce as Seck)-purified samples of rhodopsin/–mini-Go complex is shown here [2].
6.6.1. Figure 4 – Video editor: Emphasize Figure 4A
6.6.2. Figure 4 – Video editor: Emphasize Figure 4B
6.7. This figure shows the SDS-PAGE analysis of rhodopsin deglycosylation with Endo F1 and PNGase F enzymes [1]. 
6.7.1. Figure 5A – Video editor: Emphasize Figure 5A




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Filip Pamula: It is critical to perform detergent screening in a systematic way so that the impact of each individual detergent can be clearly compared without ambiguity [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.2. Filip Pamula: For protein in very little quantity, thermoshift assay can also be used to study the impact of detergents in protein stability [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. Filip Pamula: Thanks to this method we were able to prepare stable protein complex and eventually solve the crystal structure of rhodopsin–mini-Go assembly. It provided important insights into GPCR–G protein interaction specificity [1].
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


Section – File Upload
8. Files uploaded to .
8.1. JoVE_LM_60747_Step4.3.2.SECmethod.avi: Please keep 0-16 sec and trim the rest.
8.2. JoVE_LM_60747_Step4.4.1.SECRmG.avi: Please keep 0-14 sec and trim the rest.
8.3. JoVE_SCREEN_60747_Step3.1.2.Spectrum.png
8.4. JoVE_SCREEN_60747_Step3.1.4.LightSpectrum.png
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