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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
1. Solubilisation of CFTR from yeast microsomes
2. Concentration of purified protein
3. Gel permeation chromatography
4. Reconstitution of CFTR into proteoliposomes
5. ATPase assay
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The hardest aspect of this protocol is achieving CFTR solubilisation, and maintaining CFTR in a soluble, non-denatured state throughout the purification and reconstitution procedure.





1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Video editor: graphics are in slide 1 of ‘51447_additional graphics.pptx’

Procedural Narrative:

The overall goal of this procedure is to isolate large quantities of functional cystic fibrosis transmembrane conductance regulator, or CFTR, protein. (Intro)

This is accomplished first by the heterologous overexpression of the chicken CFTR protein in Saccharomyces cerevisiae. (Video editor: P1 graphic – show the white oval cells first, then add the + GAL arrow and the green ovals) (P1)

The second step is to disrupt the yeast cells (Video editor: P2 graphic – add cell disruption arrow to the green cells and then show the next cartoon of the green cells with the dotted lines) and isolate a crude microsomal fraction. (Video editor: P2 graphic – add isolation of microsomes arrow and the tube with the blue/green contenct) (P2)

Next, CFTR is solubilized (Video editor: P3 graphic – show the 6 structures, followed by the solubilisation of microsomes arrow and the multi-colored fragments) and purified. (Video editor: add the Purification of CFTR arrow and the blue/green pieces) (P3)

The final step is to measure the rate of ATP hydrolysis by the purified protein in order to assess whether it remains functional. (Video editor: show P4 graphic) (P4)

Ultimately, overexpression in S. cerevisiae allows the production of highly pure, functionally competent CFTR in milligram quantities. (Video editor: show P5 graphic) (P5)



B.  Interview: (Said by you on camera. Don’t forget to smile!)  (Shot intros and conclusions before protocol)
1.1. Naomi Pollock: The main advantage of this technique over existing methods, like expression in mammalian cell lines, is that yeast are easy, rapid and cost-effective to grow in the laboratory.   
1.2. Robert Ford: This method can help answer key questions in the cystic fibrosis field, because the purified protein can be used to address questions such as how drugs currently under development interact with the CFTR protein, or even to search for new drugs.
1.3. Tracy Rimington: Though this method can provide insight into CFTR purification, it can also be applied to other membrane proteins that are difficult to express and purify.
1.4. Natasha Cant: Generally, individuals new to this method will struggle because CFTR is rapidly degraded by proteolytic enzymes in yeast, and has a tendency to aggregate in solution.


Protocol (read by voice talent at JoVE):

2. Solubilization of microsomes

2.1. In this protocol, chicken CFTR will be purified from a previously frozen aliquot of S. cerevisiae cells.  The procedures for growing and harvesting CFTR-expressing S. cerevisiae are demonstrated in a previous JoVE article [TEXT: O'Ryan, L., Rimington, T., Cant, N., Ford, R. C. Expression and Purification of the Cystic Fibrosis Transmembrane Conductance Regulator Protein in Saccharomyces cerevisiae. J. Vis. Exp. (61), e3860, doi:10.3791/3860 (2012).] 

Shots:
2.1.1. WIDE/MED: Talent taking out an aliquot of cells from -80 oC freezer and defrosting it. 2 takes, 2 in one shot

2.2. Microsomes are isolated from the yeast cells as described in the accompanying manuscript and then resuspended in a minimum volume of CFTR buffer, between 5 - 15 ml.  The total concentration of microsomal proteins should be between 70-200 mg and the fluorescence emission spectrum of the membranes should have a distinct GFP fluorescence peak.

Shots:
2.2.1. MED: Talent resuspending pelleted microsomes in CFTR buffer. 1 take
2.2.2. LAB MEDIA: slide 2 from ‘51447_additional graphics.pptx’

2.3. Two contrasting detergents will be used in the solubilization and purification of CFTR: DDM, a non-ionic detergent, and LPG-14, an ionic detergent.  Prepare the appropriate buffers beforehand following the protocol in the manuscript.

Shots:
2.3.1. MED: Talent setting out the prepared solubilization and purification buffers. 1 take

2.4. To solubilize membranes, dilute the microsomes with an equal volume of the relevant solubilization buffer to give a final detergent concentration of 2% (w/v) and a microsomal protein concentration of 5 mg/ml. 

Shots:
2.4.1. MED: Talent diluting the microsomes in a tube. 1 take

2.5. Incubate this mixture for 1 hour at 4oC with agitation (TEXT: 1 h; 4oC). 

Shots:
2.5.1. MED: Talent putting the tube of diluted microsomes into a tube rotator. 1 take (did Med + Cu shot)

2.6. After 1 hour, centrifuge the mixture at 100,000 x g and 4oC for 45 minutes (TEXT: 100,000 x g; 4oC; 45 min). Remove and save the supernatant containing the solubilized membrane proteins.

Shots:
2.6.1. MED: Talent putting the tube into the centrifuge. 1 take
2.6.2. CU: Supernatant being transferred to a new tube. 1 take

2.7. Resuspend the insoluble fraction in 1 % (w/v) SDS solution to a volume equal to the soluble fraction. Measure the fluorescence in this fraction and retain an aliquot of 50 μl for SDS-PAGE analysis.

Shots:
2.7.1. CU: Insoluble fraction being resuspended in 1% SDS solution. 2 takes, medium shot at beginning and move to CU.  Did second take with end board, on medium to finish process
2.7.2. MED: Multiple takes from different angles of talent measuring fluorescence of sample.  Shot will be repeated later.
2.7.3. MED: Talent saving a 50 μl aliquot for SDS-PAGE analysis.


3. Nickel-affinity purification of CFTR

3.1. To begin the procedure for nickel-affinity purification of CFTR, link two 5-ml nickel sepharose columns in series. Wash with 2 column volumes, or CV, of 20% ethanol, followed by 2 CV of ddH2O.  After that, wash with 2 CV of solubilization buffer containing 1 M imidazole, followed by 2 CV of solubilization buffer lacking imidazole. (TEXT: Washes: 20% ethanol, ddH2O, solubilization buffer containing 1 M imidazole, solubilization buffer lacking imidazole) 

Shots:
3.1.1. MED: Talent linking two 5-ml nickel sepharose columns in series. 1 take
3.1.2. MED: Talent by the workstation that controls the AKTA FPLC system, programming it. Videographer: please include the AKTA FPLC system in this shot. 2 takes
3.1.3. CU: A shot of the pump system. 2 takes

3.2. Add imidazole to a final concentration of 5 mM to the solubilized material and load the material into a sample loop of an automated liquid chromatography device.

Shots:
3.2.1. CU: Imidazole being added to the solubilized material. 1 take called 3.2.1 but is 3.2.2
3.2.2. MED: Talent loading material into sample loop of the AKTA FPLC system.  

3.3. After 2 washes with imidazole-lacking buffer to remove unbound material, wash the column with 3 CV of purification buffer with 40 mM imidazole at a flow rate of 1 ml/min. Collect this fraction in a 50-ml tube.

Shots:
3.3.1. MED: Talent washing column with 3 CV of purification buffer with 40 mM imidazole. (Video editor: author will also provide graphics or an animation, which may be used instead of this shot) 1 take CU
3.3.2. CU: Fraction being collected in 50-ml Falcon tube. 2 takes with 3.4.2 in between the takes

3.4. For the second wash, use 3 CV of purification buffer with 100 mM imidazole. Collect 2 ml fractions in a 96-well plate. 

Shots:
3.4.1. MED: Talent washing column with 3 CV of purification buffer with 100 mM imidazole. (Video editor: author will also provide graphics or an animation, which may be used instead of this shot) 1 take
3.4.2. CU: 2 ml fractions being collected in a 96-well plate.

3.5. Elute CFTR from the HisTrap column with 3 CV of purification buffer with 400 mM imidazole. Collect 2 ml fractions in a 96-well plate.

Shots:
3.5.1. CU:  3 CV of purification buffer with 400 mM imidazole being applied to elute CFTR. (Video editor: author will also provide graphics or an animation, which may be used instead of this shot) 1 take
3.5.2. CU: 2 ml fractions being collected in a 96-well plate. Same as 3.4.2

3.6. Monitor fluorescence in eluted fractions.

Shots:
3.6.1. Use shot from 2.7.2.

3.7. Retain aliquots of peak fractions for SDS-PAGE analysis. The remaining peak fraction samples will be used for the next purification step.

Shots:
3.7.1. MED: Talent saving aliquots of peak fractions for SDS-PAGE analysis. 2 takes


4. Gel permeation chromatography (GPC) purification of CFTR

4.1. Begin this procedure by equilibrating the column (TEXT: Superose 6 10/300 GL) with 1.2 CV of ddH2O, followed by 1.2 CV of gel permeation chromatography, or GPC, buffer.

Shots:
4.1.1. MED: Talent equilibrating the column with 1.2 CV of ddH2O. 1 take
4.1.2. CU: 1.2 CV of GPC buffer being loaded. (Video editor: author will also provide graphics or an animation, which may be used instead of these shots) 1 take

4.2. While the column is equilibrating, concentrate the Ni-affinity purified fractions with the highest GFP fluorescence using a 100,000 kDa molecular weight cut-off centrifugal filter at 4°C. If purifying in DDM, avoid concentrating the sample above a protein concentration of 0.3 mg/ml, as this will cause significant sample loss.

Shots:
4.2.1. MED: Talent loading the 3 fractions from a 96-well plate into the concentrators. (Here one shot only was needed for the 2) [single concentrator used for all three fractions; i.e. fractions pooled]
4.2.2. CU: Match action above: a fraction being transferred to the concentrator and concentrator is assembled.
4.2.3. MED: Talent putting assembled concentrators into the centrifuge and starting the spin. 1 take

4.3. Transfer the retentate from the concentrators to centrifuge tubes and centrifuge at 100,000 x g for 30 minutes at 4°C to pellet large particles (TEXT: 100,000 x g; 30 min; 4°C).  

Shots:
4.3.1. CU: Retentate being removed from concentrator and transferred to a centrifuge tube. 2 takes,1 Cu, 1 Med
4.3.2. MED: Talent placing the tubes into the centrifuge and starting the spin. 1 take

4.4. Inject this sample onto the equilibrated column and elute with an isocratic gradient of 1.2 CV of GPC buffer. Collect 0.5 ml fractions.

Shots:
4.4.1. MED: Talent removing sample from a centrifuge tube using a syringe. 2 takes, 1 Med, 1 CU
4.4.2. CU: Sample being injected onto equilibrated column. 2 takes
4.4.3. MED: Talent eluting with isocratic gradient of 1.2 CV of GPC buffer. (Video editor: author will also provide graphics or an animation, which may be used instead of this shot) Same as 4.1.2
4.4.4. CU: A shot of 0.5 ml fractions being collected.  Same as 3.4.2

4.5. Measure GFP fluorescence to identify those fractions containing CFTR. Retain a small volume of each for analysis by SDS-PAGE.

Shots:
4.5.1. Use shot from 2.7.2.
4.5.2. MED: Talent transferring about 50 μl of each fraction to new tubes for SDS-PAGE. 1 take


5. Reconstitution of CFTR 

5.1. To reconstitute  CFTR, add lipids to the purified CFTR at a lipid-to-protein ratio of 100:1 (w/w). Similarly set up a lipid-only control, substituting the purified protein with the same volume of GPC buffer.  Incubate both samples at 4°C for 1 hour. (TEXT: 4°C; 1 h).

Shots:
5.1.1. MED: Talent adding lipids to purified CFTR. 5.1.1A created for pass over shot. 5.1.1 and 5.1.2 shot both in 1 [in fact, CFTR added to lipids]
5.1.2. MED: Talent adding lipids to control.
5.1.3. MED: Talent putting both samples at 4°C. 3 takes

5.2. Next remove detergent from the protein/lipid mixture using hydrophobic adsorbent beads: use 200 mg of pre-washed adsorbent beads per ml of purified protein and incubate at 4°C overnight with gentle agitation.

Shots:
5.2.1. CU: pre-washed adsorbent beads being added to one of the samples. 1take [sample added to tube containing beads, not vice-versa]
5.2.2. MED: Talent putting both samples (with beads) at 4 °C with gentle agitation. 1take

5.3. On the following day, collect the reconstitution sample from the adsorbent beads into a fresh tube using a thin-ended pipette tip. 

Shots:
5.3.1. CU: A thin-ended pipette tip being used to remove the sample and to transfer the sample to a new tube. 1 take


6. Measurement of ATPase activity

6.1. CFTR-specific ATPase activity of the reconstituted CFTR is measured using a modified Chifflet assay in a 96-well plate format. As standards, use 0 – 20 nmol of sodium phosphate diluted in a 1:1 mixture of CFTR buffer and ATPase buffer.

Shots:
6.1.1. MED: Talent setting out the 96-well plate. 3 takes
6.1.2. MED: Talent setting out pre-made standards in a rack. 1 take

6.2. Incubate both reconstituted CFTR and blank liposomes with 1:100 (v/v) ATPase inhibitors on ice for 10 minutes. Use at least 5 μg of reconstituted CFTR.  

Shots:
6.2.1. [bookmark: _GoBack]MED: reconstituted CFTR and standards liposomes being added to Eppendorf tubes. 1 take [tubes on ice]
6.2.2. CU: ATPase inhibitors being added to Eppendorf tubes.3 takes, 6.2.1+6.2.2+6.2.3, CU all together and medium all together
6.2.3. CU: Eppendorf tubes being placed on ice.

6.3. Transfer the samples to the 96-well plate and add ATP to a final concentration of 2 mM. Incubate at 25°C for 1 hour (TEXT: 25°C; 1 h).

Shots:
6.3.1. MED: Talent transferring the samples to the wells of the 96-well plate. 1 take
6.3.2. CU: ATP being added to all samples. 1 take CU+BCU within 1 shot
6.3.3. MED: Multiple takes from different angles of talent putting the 96-well plate at 25°C.  Shot will be repeated later. 4 takes

6.4. After 1 hour, stop the reaction by adding 40 μl of 10% (w/v) SDS to each well.

Shots:
6.4.1. CU: 40 μl of 10% (w/v) SDS being added to each well.1 take

6.5. Next add 100 μl of buffer A to each well and incubate for 10 minutes. Then add 100 μl of buffer B to each well and measure the absorbance at a wavelength of 800 nm in a 96-well plate-compatible UV/Vis spectrophotometer. 

Shots:
6.5.1. CU: 100 μl of buffer A being added to each well. 1 take CU+BCU
6.5.2. Use shot from 6.3.3.
6.5.3. CU: 100 μl of buffer B being added to each well. 1 take
6.5.4. MED: Talent at the UV/Vis spectrophotometer, measuring the absorbance at a wavelength of 800 nm. 1 take

6.6. Convert absorbance at 800 nm into an amount of liberated phosphate using the phosphate standards.

Shots:
6.6.1. LAB MEDIA: show top table and the phosphate standard curve from ‘51447_ATPase example data set final.xls’

6.7. Transpose the absorbance data into a new table (Video editor: show the arrow from the top table to the transposed data table, as well as the text box with “2. Transpose absorbance data into new chart, labelled with which sample was used”) and calculate the rate of ATP hydrolysis following the steps shown. (Video editor: add each successive step [steps 2-6] and the corresponding tables)

Shots:
6.7.1. LAB MEDIA: ‘51447_ATPase example data set final.xls’


7. Results: isolation of milligram quantities of CFTR by two methods

7.1. (Figure 1) The protocol demonstrated in this video is an efficient means of isolating CFTR-enriched microsomes, with almost complete recovery of CFTR during the cell breakage and preparation of the crude microsomes. This image of an SDS-PAGE gel shows levels of chicken CFTR monitored by in-gel fluorescence of a GFP tag during various centrifugation steps used for microsome isolation and washing.  

Shots:
7.1.1. LAB MEDIA: Slide1.tiff

7.2. (Figure 1) ‘CL’ indicates cell lysate, ‘S’ indicates supernatants and ‘P’ indicates pellets. The supernatant after cell breakage and centrifugation at 14,000 x g contains virtually all the CFTR, including degradation products. (Video editor: highlight the darkest uppermost band in the first S lane from the left)  Ultracentrifugation at 200,000 x g sediments all the full-length CFTR, (Video editor: highlight the dark band indicated by the arrow in the P lane that is the 3rd lane from the right) leaving some fragments in the supernatant. (Video editor: highlight the lighter bands in the middle S lane that are absent from the P lane to its right) Ultracentrifugation at 100,000 x g of salt-washed microsomes pellets nearly all the CFTR (Video editor: highlight the dark band indicated by the arrow in the last P lane from the right) with additional removal of some fragments. (Video editor: highlight the bands in the last S lane from the right that are absent from the last P lane from the right)

Shots:
7.2.1. LAB MEDIA: Slide1.tiff

7.3. (Figure 2) Purification of chicken CFTR in LPG-14 by immobilized metal ion affinity chromatography yielded 80 μg of protein per Liter of culture at >90 % purity.  (Video editor: highlight lane 7 in upper and lower panels) The upper panel shows fractions analyzed by SDS-PAGE followed by Coomassie staining.  The lower panel shows the same fractions detected by fluorescence of the GFP tag.

Shots:
7.3.1. LAB MEDIA: Slide2.tiff

7.4. (Figure 2) The high yield was due to efficient solubilization of CFTR by LPG-14 as indicated by the comparison between lane 2, loaded with LPG-solubilized microsomes, and lane 4, loaded with insoluble material. (Video editor: highlight lanes 2 and 4 in upper and lower panels) In addition, efficient and tight binding to the column resulted in minimal loss of CFTR in the unbound fraction, shown in lane 3 (Video editor: highlight lane 3 in upper and lower panels), and the absence of CFTR in the wash fractions, represented by lanes 5 and 6 (Video editor: highlight lanes 5 and 6 in upper and lower panels). The eluted protein had a purity of >90 %, estimated by Coomassie-stained SDS-PAGE gels and by densitometry of the CFTR and contaminant bands. (Video editor: highlight lane 7 in upper and lower panels)

Shots:
7.4.1. LAB MEDIA: Slide2.tiff

7.5. (Figure 3) Purification of chicken CFTR in DDM by immobilized metal ion affinity chromatography yielded approximately 50 μg of protein per Liter of culture of about 60% purity. This figure shows the fractions analyzed by SDS-PAGE followed by Coomassie staining, with fractions prior to elution on the left, and several consecutive elution fractions on the right. CFTR is indicated by the arrow. Later fractions are enriched in a 40kDa contaminant, which has been identified by mass spectrometry as ribosomal protein L3 (Video editor: highlight the lowest-most bands in the last 3 elution lanes from the right)

Shots:
7.5.1. LAB MEDIA: Slide3.tiff

7.6. (Figure 4, upper panel only) The chicken CFTR purified in either LPG-14 or DDM by immobilized metal ion affinity chromatography was further purified by gel permeation chromatography. The elution profile for CFTR purified in buffer containing LPG-14 is depicted by the solid line, while the elution profile for CFTR purified in buffer containing DDM is depicted by the dashed line.

Shots:
7.6.1. LAB MEDIA: Slide4.tiff

7.7. (Figure 4, add lower panel) SDS-PAGE revealed that LPG-purified CFTR, indicated by the arrow, eluted between 8 and 11 ml. Gel permeation chromatography also separated LPG-purified CFTR from low-molecular weight contaminants.

Shots:
7.7.1. LAB MEDIA: Slide4.tiff

7.8. (Figure 5) Finally, the ATPase activity of the purified proteins was measured. The results indicate that the purified protein was not able to hydrolyze ATP in the LPG-solubilized state (Video editor: highlight the LPG bar) and showed weak ATPase activity in the presence of DDM (Video editor: highlight the DDM bar).

Shots:
7.8.1. LAB MEDIA: Slide5.tiff

7.9. [bookmark: _Ref236114556](Figure 5) After the addition of lipids and detergent removal, ATPase activity was 4-fold higher for samples that had been purified in DDM: 13 nmol ATP/min/mg protein. (Video editor: highlight the DDM + lipid bar) The addition of lipids and removal of LPG similarly restored activity to CFTR that had been isolated using LPG, but with a final lower rate than the DDM-purified and reconstituted material: 1.5 nmolATP/min/mg protein. (Video editor: highlight the LPG + lipid bar)

Shots:
7.9.1. LAB MEDIA: Slide5.tiff


8. Conclusion (said by authors on camera)
8.1. Naomi Pollock: Once mastered, this technique can be done in 2 days if it is performed properly.
8.2. Natasha Cant: While attempting this procedure, it’s important to remember to keep the sample on ice at all times.
8.3. Tracy Rimington: Following this procedure, other methods like thermal unfolding, electron microscopy, small-angle X-ray scattering can be performed in order to answer additional questions about the stability and structure of the protein.
8.4. Robert Ford: After watching this video, you should have a good understanding of how to express and purify large quantities of the CFTR protein.


Provided Media

1A. slide 1 of ‘51447_additional graphics.pptx’
2.2. slide 2 from ‘51447_additional graphics.pptx’
3.3- 3.5. graphics to be provided by author
4.1. graphics to be provided by author
4.4. graphics to be provided by author 
6.6.- 6.7. ‘51447_ATPase example data set final.xls’
7.1. – 7.2. Slide1.tiff
7.3. – 7.4. Slide2.tiff
7.5. – Slide3.tiff
7.6. – 7.7. Slide4.tiff
7.8 – 7.9. Slide5.tiff



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, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments

