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Current Protocol Length

Number of Steps:  23
Number of Shots:  48 

Introduction

1. Introductory Interview Statements 

REQUIRED:

1.1. [bookmark: _Hlk72783922]Richard David Cannon: The small-scale plasma membrane isolation protocol and the mGFPHis double tag provide an economical, fast, reliable, and easy method to characterize membrane proteins in the eukaryotic model organism, Saccharomyces cerevisiae.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.2 for ‘plasma membrane isolation protocol’


1.2. Erwin Lamping: The biggest advantage of this technology is the speed with which membrane protein expression levels, ATPase activities, and detergents suitable for membrane protein purification can be determined.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



OPTIONAL:

1.3. [bookmark: _Hlk72783958]Golnoush Madani: This technique is very user-friendly. However, one important factor to remember is to harvest yeast cells at OD600 of ~2, which ensures low mitochondrial contamination and the highest possible ATPase activities.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 1.3.1 harvest yeast cells at OD600




Protocol
2. Growing and Harvesting Yeast Cells
2.1. Begin by pre-culturing a single yeast colony in 10 milliliters of YPD medium [1] at 30 degrees Celsius for 7 to 8 hours at 200 rotations per minute [2]. 
2.1.1. WIDE: Talent adding inoculate in YPD medium.
2.1.2. Talent placing the labeled flask/tube on a shaker.

2.2. Use 10 milliliters of the pre-culture to inoculate 40 milliliters of fresh YPD medium [1], then incubate the cells at 30 degrees Celsius overnight at 200 rotations per minute until the cell density reaches an OD600 (O-D-600) of 1 to 3 [2].
2.2.1. Talent removing 10mL pre-culture from the labeled tube and adding to YPD medium.
2.2.2. Talent placing the cell culture on the shaker in an incubator.

2.3. On the next day, harvest 40 optical density units, or ODU, of logarithmic-phase cells by centrifuging at 4,200 x g for 5 minutes at 4 degrees Celsius [1-TXT]. 
2.3.1. Talent adding cell suspension in a tube and placing the tube in a centrifuge. TEXT: 1 mL at an OD600 of 1 = 1 ODU 

2.4. Resuspend and wash cells with 40 milliliters of ice-cold sterile double distilled water [1]. Repeat the washing using 1 milliliter of ice-cold water, with centrifugation between washing steps [2].
2.4.1. Talent resuspending the cells in water. 
2.4.2. Talent placing the tube in the centrifuge and closing the lid.

2.5. Resuspend the pellet in 1 milliliter of ice-cold sterile water [1] and transfer the cell suspension into a 1.5-milliliter microcentrifuge tube pre-cooled on ice [2]. Harvest cells at 3,300 x g for 3 minutes at 4 degrees Celsius [3].
2.5.1. Talent resuspending the cells in water.
2.5.2. Talent transferring cells in a tube.
2.5.3. Talent placing tubes in the centrifuge and closing the lid.

2.6. Aspirate the supernatant [1] and resuspend the cell pellet in 500 microliters of homogenizing buffer freshly supplemented with 1 millimolar phenylmethylsulfonyl fluoride, or PMSF [2-TXT]. Store the cell suspension at minus 80 degrees Celsius until further use [3]. 
2.6.1. Talent aspirating the supernatant.
2.6.2. Talent resuspending the pellet in the buffer. TEXT: Always add fresh PMSF; CAUTION: PMSF is extremely corrosive.
2.6.3. Talent placing the tube in a deep freezer.

3. Isolation of Plasma Membranes
3.1. Defrost the cells on ice for approximately 1 hour [1]. Then, add ice-cold 0.5-millimeter diameter silica beads to the 500 microliters of the cell suspension to reach a total volume of 1 milliliter [2]. 
3.1.1. WIDE: The cell tube on ice.
3.1.2. Talent adding silica beads in the cell suspension.

3.2. To break the cells, vortex the cell suspension at maximum shaking intensity for 1 minute for 6 cycles [1] with a 3-minute cooling period on ice following each cycle [2]. Videographer: This step is important!
3.2.1. Talent vortexing cell suspension.
3.2.2. Tubes resting on ice.

3.3. After vortexing, make a thin hole at the bottom of the tube with a heated scalpel blade [1] and collect the broken cell homogenate into another ice-cold 1.5-milliliter microcentrifuge tube with a low-speed spin for 10 seconds [2-TXT]. Videographer: This step is important!
3.3.1. Talent making hole in the bottom of the tube.
3.3.2. Talent collecting homogenate in a fresh tube. TEXT: 200 rpm

3.4. Centrifuge the collected cell homogenate at 5,156 x g for 5 minutes at 4 degrees Celsius to remove cell debris [1]. Transfer 450 microliters of supernatant into an ice-cold 1.5-milliliter microcentrifuge tube [2] and add 1 milliliter of ice-cold homogenizing buffer supplemented with 1 millimolar fresh PMSF [3].
3.4.1. Talent placing cells in the centrifuge and closing the lid.
3.4.2. Talent transferring the supernatant in a microcentrifuge tube.
3.4.3. Talent adding the buffer to the tube.

3.5. To harvest plasma membranes, centrifuge the cell suspension at 17,968 x g for 1 hour at 4 degrees Celsius [1]. 
3.5.1. Talent placing tubes in the centrifuge and closing the lid.

3.6. Remove the supernatant and add 100 microliters of homogenizing buffer freshly supplemented with one millimolar PMSF. Then, loosen the plasma membrane pellet by stirring with the 100-microliter pipette tip [1] and resuspend the pellet by repeat pipetting up and down [2].
3.6.1. Talent stirring the pellet with a pipette. Videographer: This step is important!
3.6.2. Talent resuspending the pellet with up and down pipetting. Videographer: This step is important!

3.7. Measure the protein concentration of the plasma membrane preparation with a protein assay kit that is compatible with buffers containing the reducing agent and detergent [1].
3.7.1. Talent working with the protein assay kit.

3.8. Store the plasma membranes at minus 80 degrees Celsius or keep them on ice for immediate use [1].
3.8.1. Talent placing tubes in a deep freezer.

4. Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
4.1. Pour 4 to 5 milliliters of separating gel into the assembled gel apparatus up to 2 centimeters from the top [1-TXT]. Carefully layer 1 to 2 milliliters of 0.1% SDS on top [2] and allow the polyacrylamide gel to set for 60 minutes at room temperature [3].
4.1.1. Talent pouring separating gel into the gel apparatus. TEXT: Refer to text for preparation of gels and buffers
4.1.2. Talent adding SDS on top.

4.2. After an hour, remove the 0.1% SDS layer from the polymerized separating gel [1] and rinse the gel with double distilled water to remove traces of SDS [2].
4.2.1. Talent removing SDS layer from the polymerized separating gel.
4.2.2. Talent rinsing the gel.

4.3. Pour the stacking gel mix onto the separating gel [1]. Place a comb into the stacking gel [2] and remove any air bubbles from around the comb [3]. Then, allow the stacking gel to set for 60 minutes at room temperature [4].
4.3.1. Talent pouring the stacking gel mix onto the separating gel.
4.3.2. Talent placing the comb into the stacking gel.
4.3.3. Talent removing air bubbles.
4.3.4. The stacking gel kept setting.

4.4. Remove the comb and then rinse the gel slots with water [1]. Put the gel into the gel tank [2] and fill the gel tank to the top with running buffer [3].
4.4.1. Talent rinsing the gel slots.
4.4.2. Talent putting the gel into the gel tank.
4.4.3. Talent adding running buffer into the tank.

4.5. Mix 5 to 10 microliters of plasma membrane samples with equal volumes of 2x (two times) protein loading dye [1-TXT] and immediately load the sample mixture into individual gel slots submerged in running buffer [2]. Videographer: This step is important!
4.5.1. Talent mixing plasma membrane samples with protein loading dye. TEXT: Plasma membrane samples = 10–15 µg protein
4.5.2. Talent loading sample mixture into individual gel slots.

4.6. Load protein molecular weight markers, in the range from 10 to 245 kilodaltons, into a separate slot to enable the size estimation of individual protein fragments [1]. 
4.6.1. Talent loading protein markers into slots.

4.7. Perform gel electrophoresis at 200 Volts until the blue loading dye reaches the bottom of the gel [1]. Examine the gel for in-gel GFP-fluorescence with a gel imaging system [2-TXT]. Videographer: This step is important!
4.7.1. Gel electrophoresis running with the blue loading dye near the bottom of the gel.
4.7.2. Talent examining the gel. TEXT: Excitation wavelength: 485 nm, emission wavelength: 520 nm 

4.8. Following the fluorescence imaging, fix proteins in 10 to 20 milliliters of Protein Gel Fixing Solution by gentle agitation of the gel for 15 minutes at room temperature [1]. 
4.8.1. Talent fixing proteins with agitation.

4.9. [bookmark: _Hlk71658029]Then, rinse the gel twice for 10 minutes with 10 milliliters of double distilled water [1] and place the gel in 10 milliliters of colloidal Coomassie stain solution with gentle shaking for 1 hour at room temperature to visualize protein bands [2].
4.9.1. Talent washing the gel.
4.9.2. Talent placing the gel in colloidal Coomassie stain solution.

4.10. For improved visualization of protein bands, de-stain the gel once or twice in 20 milliliters of double-distilled water for 1 hour [1] before recording images with the gel imaging system [2]. Videographer: This step is important!
4.10.1. Talent de-staining the gel.
4.10.2. Talent recording images. 
4.11. 


Results
5. Results: Analysis of Cdr1-mGFPHis Isolated from Plasma Membranes of Saccharomyces cerevisiae
5.1. A high frequency of transformation of Saccharomyces cerevisiae AD∆∆ (A-D-delta-delta) was achieved with the positive control plasmid, pYES2 (p-YES-2) [1]; no uracil prototroph transformants were obtained for the negative control [2]. 
5.1.1. LAB MEDIA: Figure 2 B. 
5.1.2. LAB MEDIA: Figure 2 A. 

5.2. About 50 uracil prototroph CDR1-mGFPHis (C-D-R-one-M-G-F-P-His) transformants were obtained after incubating transformed AD∆∆ (A-D-delta-delta) cells on CSM-URA (C-S-M minus URA) plates for 3 days [1]. 
5.2.1. LAB MEDIA: Figure 2 C.

5.3. Petite transformants that could not grow on YPG (Y-P-G) agar plates were eliminated [1]. 
5.3.1. LAB MEDIA: Figure 2 D. Video Editor: Emphasize region encircled in yellow.

5.4. Cdr1-mGFPHis samples with varying concentrations were quantified with in-gel fluorescence [1]. The mGFP (M-G-F-P) fluorescence intensities were linear over the entire concentration range with minimal background fluorescence [2].
5.4.1. LAB MEDIA: Figure 3 A. Video Editor: Emphasize left panel.
5.4.2. LAB MEDIA: Figure 3 A. Video Editor: Emphasize right panel.

5.5. Varying the cell density [1] indicated that breaking 40 ODU of cells yielded the highest quality of plasma membranes [2] with the highest Cdr1 ATPase activity [3]. 
5.5.1. LAB MEDIA: Figure 3 B.
5.5.2. LAB MEDIA: Figure 3 B. Video Editor: Emphasize green, fluorescent signal for column ‘4’.
5.5.3. LAB MEDIA: Figure 3 C. Video Editor: Emphasize graph bar for 40 ODU (right graph).

5.6. However, the yield of the plasma membranes increased in proportion to increasing cell densities [1]. 
5.6.1. LAB MEDIA: Figure 3 C. Video Editor: Left graph.

5.7. The ability of 31 detergents, with various properties, to solubilize Cdr1-mGFPHis (C-D-R-one M-G-F-P-His) from crude plasma membranes of AD∆∆-CDR1-mGFPHis (A-D-delta-delta- C-D-R-one M-G-F-P-His) cells was tested with SDS-PAGE [1]. 
5.7.1. LAB MEDIA: Figure 3 D.

5.8. b-(beta) and a-DDM (alpha-D-D-M) [1] and Fos-choline-13 [2] were the best detergents to solubilize Cdr1-mGFPHis. However, Fos-choline-13 caused partial hydrolysis of Cdr1-mGFPHis [3].
5.8.1. LAB MEDIA: Figure 3 D. Video Editor: Emphasize green, fluorescent signal for columns ‘S’ in B and C, respectively.
5.8.2. LAB MEDIA: Figure 3 D. Video Editor: Emphasize top-most green, fluorescent signal for column ‘S’ in P.
5.8.3. LAB MEDIA: Figure 3 D. Video Editor: Emphasize all green, fluorescent signals for columns ‘T’ and ‘S’ in P.

5.9. Crude plasma membrane protein solubilized with 1% detergent was separated using a Superose 6-increase 10/300 GL size exclusion column [1]. Chromatograms of maltosides and LMNG extracted proteins showed most Cdr1-mGFPHis eluting as a nicely shaped Gaussian peak at 15.5 millimeters [2-TXT].
5.9.1. LAB MEDIA: Figure 4 A.
5.9.2. LAB MEDIA: Figure 4 A. TEXT: LMNG: non-ionic detergent. Maltosides: maltose containing detergents NM, DMNG, DDM Video Editor: Emphasize peaks at elution volume of 15.5 mL.

5.10. Cdr1-mGFPHis solubilized with glucose-containing detergents [1-TXT] eluted as an aggregated [2] or broad aggregated peak [3]. The higher peaks for DDM [4] indicated that a large portion of DMNG solubilized Cdr1-mGFPHis may be denatured [5]. 
5.10.1. LAB MEDIA: Figure 4 B. TEXT: OG, NG, OGNG
5.10.2. LAB MEDIA: Figure 4 B. Video Editor: Emphasize the peak for ‘OG’ at 9 ml.
5.10.3. LAB MEDIA: Figure 4 B. Video Editor: Emphasize peaks for ‘NG’ and ‘OGNG’ at 11.8 ml.
5.10.4. LAB MEDIA: Figure 4 B. Video Editor: Emphasize the peak for ‘DDM’ at 15.5 ml.
5.10.5. LAB MEDIA: Figure 4 B. Video Editor: Emphasize the peak for ‘DMNG’ at 15.5 ml.

5.11. In the FSEC chromatograms for the zwitterionic Fos-cholines and two non-ionic detergents [1-TXT], only digitonin gave a similar chromatogram to DDM [2]. Fos-choline-13 gave a symmetrical sharp-shaped peak [3], but it eluted with a significantly lower elution volume [4] than that for DDM [5].
5.11.1. LAB MEDIA: Figure 4 C, D. TEXT: non-ionic detergents: digitonin, Triton-X100
5.11.2. LAB MEDIA: Figure 4 C. Video Editor: Sequentially emphasize peak for ‘digitonin’ and ‘DDM’ at 15.5 ml.
5.11.3. LAB MEDIA: Figure 4 D. Video Editor: Emphasize a peak for ‘Fos-choline-13’.
5.11.4. LAB MEDIA: Figure 4 D. Video Editor: Emphasize the corresponding volume for Fos-choline-13’ at 14 mL.
5.11.5. LAB MEDIA: Figure 4 D. Video Editor: Emphasize the corresponding volume for ‘DDM’ at 15.5 mL.





Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. [bookmark: _Hlk72783996]Richard David Cannon: The optimized double-tag also improves purification-yield and helps determine the localization, trafficking, or thermostability of membrane proteins. The heterologous expression technology can also be used in high-throughput drug screens and the detailed characterization of many other membrane proteins. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.5.1 for ‘thermostability of membrane proteins’
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