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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_N_______  (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? (Y/N)_N______ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.2, 2.6, 3.4, 4.2, 7.3, 7.4__________________________________________
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.) _7.4__________________________
E.  Will the filming need to take place in multiple locations? (Y/N) _N_____ If yes, how far apart are the locations? ___________________________________________________


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 procedure is to generate a transporter that is sufficiently stable for structural studies and use this modified transporter to produce crystals, which diffract to high resolution by x-ray crystallography. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jonathan Coleman: This method can help answer key questions in the structural biology field, such as how to solve structures of membranes proteins that are important drug targets [1-MED].
1.1.1. Jonathan speaks toward the camera, interview style. 
1.2. Jonathan Coleman: The main advantage of this technique is that it can be used to select for a drug-bound conformation using a functional assay [1-MED].   
1.2.1. Jonathan speaks toward the camera, interview style. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Evan Green: Though this method can provide insight into neurotransmitter transporters, it can also be applied to channels, receptors, and soluble proteins which bind small molecules with high affinity [1-MED].
1.3.1. Evan speaks toward the camera, interview style. 



Protocol (read by voice talent at JoVE):
2. Transfection of adherent HEK293S GnTI- cells for thermostability screen
2.1. Thoroughly resuspend trypsinized HEK293S GnTI minus (pronounced as “hek-two-nine-three-S-G-N-T-I-minus”) cells in DMEM supplemented with 10% fetal bovine serum to a density of 0.5 million cells per milliliter in a disposable pipette reservoir [1-MED-TXT].
2.1.1. Talent resuspends the typsinized cells in DMEM supplemented with 10% fetal bovine serum to a density of 0.5 million cells/mL in a disposable pipette reservoir.  TEXT Overlay: DMEM = Dulbecco's Modified Eagle Medium 
2.2. Using a multichannel pipette, add 100 microliters of cells to each well of a poly-D-lysine coated plate [1-CU].  Resuspend the cells in the pipette reservoir after filling each plate to ensure an even distribution of cells [2-ECU].  Incubate the cells in a 37 degrees Celsius incubator with 8% CO2 [3-MED-over the shoulder].
2.2.1. Poly-D-lysine coated plate as talent uses a multichannel pipette add 100 microliters of cells there.
2.2.2. Pipette reservoir as talent resuspends the cells.
2.2.3. Talent places the cells in the incubator.
2.3. Replace the cell media one hour prior to transfection with the desired serotonin transporter, or SERT (pronounced as “sert”), variant, which are listed in the text protocol [1-MED].  
2.3.1. Talent replaces the media to prepare for transfection.  
2.4. Prepare the DNA-transfection reagent complexes by mixing 450 nanograms of DNA with 45 microliters of serum-free DMEM for each construct in the SERTTC (pronounced as “sert-T-C”) background to be screened [1-MED-over the shoulder].
2.4.1. Talent mixes 450 nanograms DNA with 45 microliters of serum-free DMEM.  
2.5. Then, add 1.6 microliters of the transfection reagent to 45 microliters of serum-free DMEM and mix [1-MED].
2.5.1. Talent adds 1.6 microliters of the transfection reagent to 45 microliters of serum-free DMEM and mix.
2.6. Immediately add the diluted transfection reagent solution to the DNA solution and mix.  Do not mix solutions in the reverse order [1-CU].  Wait 10 to 15 minutes before adding 20 microliters of the transfection reagent/DNA mixture to four of the wells [2-MED-over the shoulder].
2.6.1. DNA solution as talent adds the diluted transfection reagent there.
2.6.2. Talent adds 20 microliters of transfection reagent to the transfection reagent/DNA mixture to four of the wells.
3. Scintillation proximity based thermostability screen with citalopram
3.1. Incubate the cells with 200 nanoMolar citalopram (pronounced as “sahy-tal-uh-pram”) in 25 microliters of TBS for 5 minutes at room temperature [1-MED-TXT].
3.1.1. Talent adds citalopram to the cells from a labeled container.  TEXT Overlay: TBS = 20 mM Tris pH 8, 100 mM NaCl
3.2. To solubilize the cells, add 25 microliters of 8 milliMolar C12M [1-CU-TXT]... 1 milliMolar CHS [2-MED-over the shoulder-TXT]… and protease inhibitor cocktail in TBS [3-CU-TXT]. 
3.2.1. [Shots 3.2.1, 3.2.2, and 3.2.3 combined] Cells as talent adds C12M from a labeled container.  TEXT Overlay: C12M = n-dodecyl-β-D-maltopyranoside
3.2.2. Cells as talent adds CHS from a labeled container.  TEXT Overlay: CHS = cholesteryl hemmisuccinate
3.2.3. Same view of cells as talent adds protease inhibitor cocktail from a labeled container.  TEXT Overlay: see text for protease inhibitor cocktail

(Videographer/Author Note: These [3.2.1-3.2.3] are all one shot, because the C12M, CHS and protease inhibitor are pre-mixed and added at once from a single tube.)
3.3. Incubate the cells for one hour at room temperature [1-MED-over the shoulder].  
3.3.1. Talent sets the timer to count down from 1 hour and sets down next to the cells.
3.4. Then, add 50 microliters of TBS with 20 nanoMolar tritiated citalopram, 0.1% bovine serum albumin, and 2 milligrams per milliliter of His-tag affinity scintillation proximity assay, or SPA, beads to three wells for each construct [1-CU].
3.4.1. Plate as talent adds TBS solution to the three wells for each construct.  
3.5. For the last well, add the same TBS solution, but supplement with 100 microMolar sertraline (pronounced as “sur-truh-leen”) to determine nonspecific binding [1-MED].  Ensure that the His-tag affinity SPA beads are thoroughly mixed when adding them to the 96-well plate [2-CU]. 
3.5.1. [Shots 3.5.1, 3.5.2 combined] Talent adds sertraline to the TBS solution.  Use labeled containers. (Videographer/Author Note: Use the end of tk2, because at the end of tk1 not all of the pipettes are filled [you can see three empty ones])
3.5.2. Plate/supplemented TBS solution as talent thoroughly mixes the solution, aspirates and pipettes into the last well of the plate.
3.6. Measure tritiated citalopram binding using a 96-well scintillation counter at room temperature with a one-minute count time per well.  Continue counting plates until total counts plateau at approximately 36 hours [1-MED-over the shoulder]. 
3.6.1. Talent sets up the measurement on a 96-well scintillation counter at room temperature with a one-minute count time per well.  
3.7. Following measurement, heat the plates for 15 minutes in a heating block with a heated lid at 33 degrees Celsius [1-CU].  Measure tritiated citalopram binding again after heating [2-MED].
3.7.1. Plates as talent place on a heating block and closes lid.
3.7.2. Talent measures [3H]citalopram binding with scintillation counter.
3.8. Repeat these steps with modification of the heating step [1-MED-over the shoulder-TXT].
3.8.1. Talent adjusts the time on the heating block from 33 to 36 degrees Celsius.  TEXT Overlay: heating step = 36 °C, 39 °C, 45 °C, 48 °C, and 51 °C  
3.9. Adjust the heating temperatures depending on the apparent melting temperature of the target protein and the thermostability of the most stable construct [1-MED-over the shoulder].  Continue to heat plates until all constructs have low specific counts [2-WIDE]. 
3.9.1. Talent adjusts the heating temperatures.
3.9.2. Talent places the plates back onto the heating block.
4. Expression of the human serotonin transporter in HEK293S GnTI- cells
4.1. Grow HEK293S GnTI minus cells in suspension at 37 degrees Celsius with 8% CO2 and 85% humidity on a shaker at 130 RPM in 293 expression media supplemented with 2% fetal bovine serum [1-MED-over the shoulder].
4.1.1. Talent places the cells into the shaking incubator, shuts lid and starts them shaking. 
4.2. Infect 10 liters of the cells with the P2 virus at a multiplicity of infection of 2 and a density of 3 million cells per milliliter [1-CU-TXT].
4.2.1. Flask of cells as talent infects them with P2 virus.  TEXT Overlay: see text for virus prep, 30-50 mL of P2 virus/800 mL cells
4.3. 12 to 16 hours post-infection, add sodium butyrate to a concentration of 10 milliMolar from a 1 Molar stock [1-MED-over the shoulder].  48 to 60 hours post-infection, harvest the cells by centrifugation at 4,000 x g for 15 minutes [2-MED].  Remove the supernatant [3-CU]. 
4.3.1. Talent adds sodium butyrate at 10 mM from a 1 M stock.  Use labeled containers.
4.3.2. Talent places the cells in the centrifuge, shuts lid and turns on.
4.3.3. Centrifuge bottles or tubes as talent removes the supernatant. (Author/Videographer Note: Don’t use tk1, it is a demo/practice shot and there are no cells)
4.4. Resuspend cells in 150 milliliters of TBS with 2 microMolar S-citalopram, or other SERT inhibitors [1-MED-TXT].
4.4.1. Talent resuspends the cells.  TEXT Overlay: store at -80°C until ready for purification
5. Affinity purification of the serotonin transporter for immunization and crystallization
5.1. Thaw the cells from 10 liters of culture in warm water, approximately 30 degrees Celsius [1-MED], and resuspend them by rapidly passing the cells through a 10 milliliter pipette until homogeneous [2-CU].
5.1.1. Talent places the frozen cells in a warm water bath.
5.1.2. Cells/pipette as talent resuspends the cells by rapidly passing them through a 10 milliliter pipette until homogeneous.
5.2. Add all of the cells to a beaker with a stir bar, and add all of the detergent solution to the cells while stirring [1-MED-over the shoulder-TXT].  Solubilize the cells at 4 degrees Celsius for 1 hour with stirring [2-CU].
5.2.1. Talent adds all the cells to a beaker with a stir bar and adds all the detergent solution to the cells while stirring.  TEXT Overlay: see text for detergent solution recipe
5.2.2. Cells as they stir with detergent at 4 degrees Celsius.
5.3. Spin the lysate at 8,000 x g for 15 minutes at 4 degrees Celsius [1-MED].  Decant supernatant into clean ultracentrifuge tubes and discard the pellet [2-CU].  Then, spin the supernatant at 100,000 x g for 1 hour in an ultracentrifuge [3-MED-over the shoulder].  Following ultracentrifugation, filter the supernatant through a 0.2 micron filter and discard the pellet [4-CU].
5.3.1. Talent places the lysate into the centrifuge.
5.3.2. Ultracentrifuge tubes as talent decants the supernatant there.
5.3.3. Talent places the ultracentrifuge tubes into the ultracentrifuge. (Videographer Note: There is some extra footage showing the detailed balancing process that prepares for the ultracentrifuge)
5.3.4. 0.2 micron filter as talent filters the supernatant through.
5.4. Next, pass the lysate over 10 milliliters of Strep affinity resin packed into a column using a peristaltic pump equilibrated in wash buffer [1-MED-TXT].
5.4.1. Talent passes the lysate over 10 milliliters of Strep affinity resin packed into a column using a peristaltic pump equilibrated in wash buffer.  TEXT Overlay: see text for wash buffer recipe
5.5. Then, connect a strep affinity column to a fast protein liquid chromatography system [1-CU] and wash the column at 2 milliliters per minute with 66 milliliters of wash buffer [2-MED-over the shoulder].
5.5.1. [Shots 5.5.1-5.6.2 combined] Strep affinity column as talent connects it to a fast protein liquid chromatography system. (Videographer Notes: The machine executes the steps all at once, but I did get close ups of each element, the column, the drip, etc.)
5.5.2. Talent washes the column at 2 mL/min with 66 mL of wash buffer. 
5.6. Elute the purified protein in the same wash buffer supplemented with 5 milliMolar desthiobiotin (pronounced as “des-thahy-oh bahy-uh-tin”) at 0.5 milliliters per minute using 33 milliliters of buffer [1-MED].  Collect 1 milliliter fractions; the peak fractions will be approximately 10 milliliters [2-CU].  
5.6.1. Talent switches the inlet pump to a labeled container of wash buffer with 5 mM desthiobiotin.
5.6.2. Eluate dripping out of the column into collection tube.  
6. Formation of transporter-antibody complexes and separation by size exclusion chromatography
6.1. To form the transporter-antibody complexes, first digest the purified protein overnight at room temperature with thrombin to remove tags, and EndoH for deglycosylation [1-MED-TXT]. 
6.1.1. Talent adds thrombin and Endo H to the purified protein.  TEXT Overlay: 1:100 w/w thrombin, 1:10 w/w EndoH
6.2. Concentrate the protein to a concentration of 10 milligrams per milliliter, and a volume of 250 to 300 microliters, using a 100 kiloDalton molecular weight cut off centrifuge protein concentrator [1-CU].
6.2.1. Centrifuge protein concentrator as talent adds the protein there.
6.3. Mix the concentrated SERT protein with 8B6 Fab (pronounced as “eight-B-six fab”) at a molar ratio of 1 to 1.2, in a volume less than 500 microliters [1-MED-over the shoulder-TXT].  Centrifuge the mixture at 100,000 x g and 4 degrees Celsius for 20 minutes [2-MED].  
6.3.1. Talent mixes the concentrated SERT with Fab at 1:1.2 in <500 microliters.  TEXT Overlay: see text for 8B6 Fab preparation
6.3.2. Talent places the samples into the centrifuge, shuts lid and starts run.
6.4. Following centrifugation, collect the supernatant containing the SERT-Fab complex and discard the pellet [1-CU].  
6.4.1. Supernatant with the SERT-Fab complex as talent collects it.
6.5. Separate the complex using fast protein liquid chromatography on a size-exclusion column equilibrated with supplemented TBS at 0.5 milliliters per minute [2-MED-over the shoulder-TXT].
6.5.1. Talent starts run at 0.5 mL/minute in the FPLC software.  TEXT Overlay: TBS supplemented with 40 mM n-octyl-β-D-maltoside, 0.5 mM CHS, 5% glycerol, 25 µM lipid, 1 µM S-citalopram 
7. Crystallization of transporter-antibody complexes by hanging drop
7.1. Prior to crystallization, concentrate the peak fractions from the separation of the complex to 2 milligrams per milliliter using a 100 kiloDalton molecular weight cut-off centrifuge protein concentrator [1-CU].  An absorbance of 2 AU at 280 nanometers is equal to 1 milligram per milliliter [2-MED-over the shoulder]. 
7.1.1. Protein concentrator as talent adds the peak fractions there.
7.1.2. Talent reads the absorbance of the concentrated protein on 
7.2. Add additional Fab at a ratio of 1 to 0.05, complex to free Fab [1-CU].  Also, add 10 micromolar free S-citalopram [2-MED-over the shoulder].  After centrifuging the sample, collect the supernatant containing the SERT-Fab complex and discard the pellet [3-CU-TXT].
7.2.1. [Shots 7.2.1 and 7.2.2 combined] Sample as talent adds Fab from a labeled container.  
7.2.2. Talent adds free S-citalopram from a labeled container.
7.2.3. Centrifuged sample as talent removes the supernatant.  TEXT Overlay (as “after centrifuging the sample” is narrated): 100,000 x g, 4 ºC, 20 min
7.3. Set up a hanging drop 24-well screen at 4 degrees Celsius according to table 1 in the text protocol [1-MED-over the shoulder].  Pipette 500 microliters of each reservoir solution in a low profile 24-well plate with sealant applied to each well [2-CU]. 
7.3.1. [Shots 7.3.1 and 7.3.2 combined] Talent sets up the 24-well screen using the table as a guide.
7.3.2. Low profile 24-well plate with sealant applied to each well as talent pipettes 500 microliters of each reservoir solution there.
7.4. Pipette 1.5, 1.75, and 2 microliters of the SERT-Fab complex onto an 18 millimeter siliconized glass coverslip [1-MED-over the shoulder].  Then, pipette 1 microliter of reservoir solution on top of the protein sample [2-CU].
7.4.1. 18 mm siliconized glass coverslip as talent pipettes 1.5, 1.75, and 2 microliters of the SERT-8B6 complex onto it.
7.4.2. Coverslip as talent pipettes 1 microliter of reservoir solution on top of the protein sample.
7.5. Single crystals will appear within approximately 3 days and grow to 100 to 175 micrometers after 14 days [1-LM]. 
7.5.1. 54792_Gouaux_Figure6 
8. Results: Thermostabilization and crystallization of the serotonin transporter in an antidepressant bound state 
8.1. Shown here are representative results for screening thermostability in the presence of tritiated citalopram [1-LM].  The melting temperature values plotted against maximum binding shows mutants with high thermostability and expression [2-LM].
8.1.1. 54792_Gouaux_Figure1.ai
8.1.2. 54792_Gouaux_Figure1.ai – Editors, please highlight T439S, I291A, and Y110A as this point is narrated.
8.2. Displayed here are the thermostability curves for wild-type SERTTC and the top three mutants, Y110A, I291A, and T439S [1-LM]. 
8.2.1. 54792_Gouaux_Figure2.ai	– Editors, please highlight each curve as narrated: highlight the blue curve as wildtype is narrated, highlight the red curve as Y110A is narrated, highlight the green curve as I291A is narrated, and highlight the purple curve as T439S is narrated.
8.3. This microscopy image shows HEK293S GnTI minus cells expressing SERTCC with green fluorescence present on the cell membrane [1-LM].
8.3.1. 54792_Gouaux_Figure3.ai.  
8.4. Fluorescence-detection size-exclusion chromatography of SERTCC [1-LM] shows a major peak at 15 milliliters [2-LM].  Analysis by SDS-PAGE displays a single protein species largely free of contaminants [3-LM].
8.4.1. 54792_Gouaux_Figure4.ai
8.4.2. 54792_Gouaux_Figure4.ai – Editors, please highlight the peak at 15 mL.
8.4.3. 54792_Gouaux_Figure4.ai – Editors, please highlight the dark band between 75 and 100 kDa.
8.5. Representative separation of transporter-antibody complexes by size exclusion chromatography is shown [1-LM].  The major peak eluting at 11.5 milliliters contained both SERT and Fab as shown on an SDS-PAGE gel [2-LM].     
8.5.1. 54792_Gouaux_Figure5.ai – Editors, please highlight the peak at 11.5 mL.
8.5.2. 54792_Gouaux_Figure5.ai – Editors, please highlight the row of dark bands between 37 and 50 kDa (labeled SERT) and the row of a double band at ~25 kDa (labeled Fab).
8.6. Light microscopy of the SERT-antibody complex bound to S-citalopram after two weeks of growth shows prism shaped crystals of approximately 100-175 microns [1-LM].
8.6.1. 54792_Gouaux_Figure6.ai
 
9. Conclusion (said by authors on camera)
9.1. Evan Green: After watching this video, you should have a good understanding of how to identify mutations that stabilize a membrane protein in a ligand bound conformation and set up crystallization screens with protein-antibody complexes [1-MED].
9.1.1. Evan speaks toward the camera, interview style.
9.2. Jonathan Coleman: While attempting this procedure, it’s important to remember to that ligands are necessary to stabilize SERTTC for mutant screening and are essential for crystallization of SERTCC [1-MED].
9.2.1. Jonathan speaks toward the camera, interview style.
9.3. Evan Green: The implications of this technique extend toward therapy of psychiatric conditions, because SERT is the molecular target of many antidepressant drugs [1-MED].  
9.3.1. Evan speaks toward the camera, interview style.
9.4. Jonathan Coleman: Following this procedure, the function of purified SERT in detergent can be characterized using biochemical and biophysical methods [1-MED].
9.4.1. Jonathan speaks toward the 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.   

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.
54792_Gouaux_Figure1.ai
54792_Gouaux_Figure2.ai	 
54792_Gouaux_Figure3.ai  
54792_Gouaux_Figure4.ai
54792_Gouaux_Figure5.ai 
54792_Gouaux_Figure6.ai



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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