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Summary

Pichia pastoris is an established expression host for the production of a wide range of recombinant proteins including membrane proteins. The system has a particularly good track record for the expression of G-protein coupled receptors (GPCRs). Generation and screening of expression clones with this system uses standard molecular biology techniques. Multiple clones can be generated and screened in a matter of a few weeks making this similar to E. coli expression in terms of speed. In addition, basic buffer components and the lack of expensive equipment make small- scale expression screening in P. pastoris very cost-effective. Here we describe the procedures used for small scale GPCR expression screening. 
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1. Introduction

Among strains available for protein expression in P. pastoris the most popular and probably the best, are the Mut+ strains, which grow on methanol as the sole carbon source. One such Mut+ strain, which has been used extensively for the expression of GPCRs is the SMD1163 strain (his4 pep4 prb1) (1). The histidinol dehydrogenase gene (HIS4) has been mutated to allow the selection of successful transformants based on histidine auxotrophy. The SMD1163 strain is also a protease deficient strain lacking the active genes coding for proteinase A (PEP4) and proteinase B (PRB1). Previous work has shown that use of this strain has resulted in higher expression levels of GPCRs, most probably as a result of reduced proteolytic degradation (2, 3). As mentioned in Chapter 4, generation of the P. pastoris expression plasmids involves straightforward cloning of the appropriate genes into suitable restriction sites, the resulting constructs being used for yeast transformation. Since none of the available plasmids is able to autonomously replicate in Pichia pastoris, all of them, including pPIC9K, have to be integrated in the yeast genome through recombination events. The transformed clones containing the gene of interest are selected on the basis of a histidine prototrophy phenotype. Geneticin-resistant representative colonies are then placed in methanol-induced expression conditions to screen for the best-expressing clones as usually assessed by immunodetection experiments (3,4). Once high level expressing clones have been identified these can be submitted to small-scale expression trials to allow assessment of the function of the expressed receptor and to allow identification of optimised expression conditions.
Expression levels of functional GPCRs in Pichia pastoris can be substantially improved by adjusting several experimental parameters such as temperature and time of induction, cell densities, formulation of growth media or supplementation of the growth media with additives. Reducing culture temperature during induction has been shown to have a positive effect on the functional expression level of several GPCRs (4) and we routinely perform induction of receptor expression at 22(C (5,6). 

The addition of receptor specific ligand has also been shown to significantly increase GPCR expression, although this is receptor dependent (4, 7). Ligands have been suggested to act as molecular chaperones improving the efficiency of receptor folding (7,8). Addition of ligand has been reported to slightly increase production of functional A2AR (4) however our typical protein preparation protocol does not involve the addition of ligand (ZM241385) until the solubilisation step as reported by other researchers (9). The A2AR is a particularly stable GPCR however for other GPCRs the addition of ligand during expression may be essential for production of sufficient quantities of stable receptor for downstream applications. The presence of the ligand can however complicate functional studies and in the case of the A2AR we isolate the receptor in the absence of ligand for functional analysis. 


Positive effects have also been observed following addition of dimethyl sulphoxide (DMSO) (3-4, 10-12) to the expression culture. DMSO which has been shown to facilitate phospholipid biosynthesis and membrane proliferation in yeast (13) and these features may result in a more suitable environment for the insertion of large amounts of receptor. One further additive shown to positively affect functional receptor expression is histidine. It is not clear precisely what the effects of histidine are although it has been suggested that can act as an anti-oxidant (4). Further work is required in order to understand the precise role of histidine in receptor expression.
Optimisation of receptor expression can be highly successful, but is also often receptor-dependent, so that systematic screening of distinct expression conditions in a small-scale culture format is strongly recommended when initiating receptor expression trials using P. pastoris. Once optimal expression conditions have been identified these can then be used to investigate alternative expression constructs. 
Here we provide protocols for both screening expression clones and some hints and tips on optimisation of protein expression. The emphasis here is on what has worked very well for the production of the human adenosine A2A receptor. The notes give details on where and how expression can be optimised.
2. Materials

2.1 Generating expression colonies

1. Geneticin should be made in a stock solution of 100 mg/ml and filter-sterilized through a 0.2 (m syringe filter.

2.  YPD plates: 1% (w/v) yeast extract, 2% (w/v) peptone, 2% (w/v) dextrose, 2% (w/v) agar supplemented with either 0.1 or 0.25 mg/ml of geneticin. Autoclave 450 ml water containing 5 g yeast extract, 10 g peptone, 10 g agar. Add 50 ml of filter sterilised 20% dextrose to media once it has cooled to 60(C.  Follow the same procedure for YPG media excluding agar.

3.  YNB plates: 1.34% YNB, 2% dextrose, 1.5% Agar, 0.00004% Biotin. Autoclave 800 ml water containing 15 g Agar. Add 100 ml each of filter sterilised 13.4% YNB and 20% dextrose and 2 ml of filter sterilised 0.02% biotin. 
2.2 Small scale expression

1. Buffered Glycerol complex media (BMGY): 100 mM potassium phosphate pH 6.0, 1% (w/v) yeast extract, 2% (w/v) peptone, 1.34% (w/v) yeast nitrogen base with out amino acids, 0.00004% (w/v) biotin, 1% (w/v) glycerol. Prepare 700 ml of autoclaved 1% yeast extract, 2% peptone (YP media). Add 100 ml of autoclaved 1M potassium phosphate pH 6.0, 100 ml filter-sterilised 13.4% YNB, 2 ml of filter-sterlised 0.02% biotin and 100 ml of autoclaved 10% glycerol to 700 ml of YP media. 

2. Buffered Methanol Complex Media (BMMY): 100 mM potassium phosphate pH 8.0, 1% (w/v) yeast extract, 2% (w/v) peptone, 1.34% (w/v) yeast nitrogen base with out amino acids, 0.00004% (w/v) biotin, 2.5% (v/v) dimethyl sulfoxide, 0.04% (w/v) histidine, and 0.5 % (v/v) methanol. 

3. YP media: 1% yeast extract, 2% peptone in 800 mls water. Autoclave and then add 100 ml of autoclaved 1M potassium phosphate pH 8.0, 100 ml filter-sterilised 13.4% YNB, 2 ml of filter-sterilised 0.02% biotin, 2.5 ml of 100% methanol and 1 ml of filter-sterilised 4% histidine. 
2.3 Small scale membrane preparations
1. Breaking buffer: 50 mM HEPES-NaOH pH 7.4, 100 mM NaCl, 10% (w/v) glycerol, 2 mM EDTA supplemented with protease inhibitor tablets (Roche), 1 tablet/100 mls buffer.

2. Membrane buffer: 50 mM HEPES-NaOH, 100 mM NaCl, 10% (w/v) glycerol.
3. Methods

3.1 Preparation of competent SMD1163 cells (A similar protocol is provided in Chapter 4, it is repeated here to facilitate the use of these protocols)
1. Inoculate 50 ml of YPG medium with SMD1163 cells and incubate overnight at 30(C, 250 rpm (Note 1). 

2. Dilute overnight culture in 400 ml of YPG to reach an OD600 of 0.1. Incubate the culture at 30(C, 250 rpm till the OD600 reaches 1. 

3. Centrifuge cells at 2000 g for 5 minutes at 4(C. 

4. Resuspend the cell pellet in 100 ml YPG, 20 ml HEPES 1M pH 8, 2.5 ml DDT 1M. 

5. Incubate the cell suspension for 15 minutes at 30(C. Place on ice and complete make the volume up to 500 ml with ice-cold, sterile water. 

6. Centrifuge the cells at 2000 g for 5 minutes at 4(C. Resuspend the pellet in 250 ml of cold and sterile water.

7. Centrifuge the cells at 2000 g for 5 minutes at 4(C. Resuspend the pellet in 20 ml of cold 1M sorbitol.

8. Centrifuge the cells at 2000 g for 5 minutes at 4(C. Resuspend the pellet in 500 (l of cold 1 M sorbitol.

9. Linearise 5-7 (g of expression vector using 25 units of PmeI for 2 hours at 37(C. Heat inactivate the enzyme by incubation at 60(C for 15 minutes. 

3.2 Yeast electrotransformation

1. Place a 800 (l electroporation cuvette  (BioRad) on ice for at least 10 minutes.

2. Introduce 40 (l of competent cells and 7.5 (l of the linearised DNA to the electroporation cuvette. Mix gently and incubate on ice for 5 minutes before proceeding with electroporation.

3. Set the electroporator to 1500V, 600 (, 25(FD.

4. Place the cuvette in the electroporator and apply the electric pulse. Immediately resuspend the cells in 1 ml of 1M sorbitol.
5. Allow the cells to recover for about 1 hour followed by centrifugation at 2000 g for 10 minutes.

6. Discard the supernatant and resuspend the pellet in 500 µl 1M sorbitol.

7. Plate 250 (l of cell suspension on YNB agar plates and incubate for 2-3 days at 30(C.

3.3 Screening for geneticin resistant clones (The number of copies of the target gene which integrates into the P. pastoris genome can vary. It is possible to select the clones using plates with increasing concentrations of geneticin, since integration of multiple copies of the target gene also means integration of multiple copies of the geneticin resistance gene. This can also be used to identify any false positive from the initial plating out (3.1 point 4). 
1. Add 1 ml of YPG media onto the plates containing the His+ recombinant clones. Harvest using a plate scraper or a folded pasture pipette.

2. Prepare serial dilution in YPG from 10 to 1000 fold and measure the OD600 for each sample.

3. Spread an equivalent of 105 cells/plate on YPG supplemented with 0.1 or 0.25 mg/ml geneticin. An OD600 of 1 corresponds to 5 x 107 cells/ml

4. Incubate for about 2-3 days at 30(C. 

5. The colonies that appear on the plates are positive recombinant clones containing the gene. The colonies on plate containing 0.25 mg / ml genticin have a higher copy number of gene insertion than the ones on 0.1 mg / ml geneticin (Note 2).

6. Select colonies for small scale expression trials.

3.4 Expression of the target gene

1. Inoculate 5 ml of BMGY media with cells from a single high copy number colony.

2. Grow the cells overnight at 30(C in an incubator shaker to an OD600 of 12-15. Use a 50 ml filter capped Falcon tube which allows greater oxygenation of the yeast cell culture (Note 3).

3. Centrifuge the cells at 3000 g for 5 min.

4. Resuspend the cells in BMMY to give an OD600 of 5. Since recombinant protein expression is under control of the methanol inducible AOX1 promoter, the methanol in the BMMY media acts as the inducer. 

5. Incubate the culture at 22(C for 18 hours. 

6. Harvest the cells by centrifugation at 3000 g for 5 mins. At this point the cells can either by snap-frozen in liquid N2 and stored at -80(C or used immediately.

3.5 Preparation of samples for further analysis: Small scale membrane preparation. 
1. Resuspend cells from a 10 ml culture in  500 (l ice-cold cell breaking buffer.

2. Transfer the cell suspension together with 500(l glass beads to a 2 ml safe lock eppendorf tube.

3. Break the cells using a tissue lyser (Qiagen) set to 30 mHz for 15 mins. In our laboratory the tissue lyser is kept in the cold room to minimize heating of the protein samples during breakage. If a mechanical tissue lyser is not available then it is possible to break the cells using a vortex mixer in the cold room.

4. Centrifuge the sample at 1500 g for 1 min to separate the beads. Transfer the solution into a clean 1.5 ml eppendorf tube.

5. Centrifuge the sample at 3000 g for 10 mins in order to pellet unbroken cells. Transfer the supernatant into a clean 1.5 ml eppendorf tube. 

6. Centrifuge the supernatant at 100, 000 g for 30 mins. For this step we use an Optima Max benchtop ultracentrifuge (Beckman) with a TLA 55 rotor.

7. Resuspend the pellets in ice-cold membrane buffer. The samples can then be either flash frozen in liquid N2 or used immediately for expression or functional analysis (Note 4).

3.6 Expression and functional analysis
The easiest way to assess for expression is to perform Western blot analysis using affinity tag specific antibodies. The vector system we use has been modified to incorporate N-terminal Flag and His tags however as described in Chapter 4 a number of other detection tags are available. High quality antibodies against both of these tags are readily available. It is possible to harvest samples at different time points or induced at different temperatures for example and compare the Western blot signals. However this is only ever a qualitative analysis and does not differentiate between functional and non-functional analysis. Radioligand binding can be used to relatively easily assess the functional expression level of GPCRs (Note 5). Single point binding assays can give a rapid assessment of the functional expression for a number of different conditions (Figure 1).
4. Notes

1. The pPIC9K expression vector in combination with the SMD1163 cells has been well characterized for GPCR expression although other vectors and cell strains are available. The mammalian glucose transporters, GLUT1 and GLUT4 (14) and a human aquaporin 1 (15) have been successfully expressed to high levels using the pPICKZ vector (Invitrogen, Carlsbad) in X-33 cells. In addition it has proved possible to express the human peripherin/RDS protein and a range of human ABC transporters using the pPICKZ vector in combination with the KM71H strain (16). The techniques used in each case for generation and selection of the expression clones is very similar to that outlined here.

2. Whilst screening clones for copy number can be useful it should be noted that clones containing the highest copy number do not necessarily give the highest expression level (3,4). It is important to further screen using Western blot and functional analysis to identify the best expressing clones. 

3. Small scale cultures (10 ml) can be performed in 50 ml conical tubes, however aeration may not be optimal and it may be preferable to scale-up cultures to 100 ml baffled flask trials to maximise expression level and increase reproducibility of the culture conditions. 
4. It is possible to scale up the expression of the target protein using large flask cultures however it is very important to use a relatively small volume/flask (200 mls/ 2L) in order to ensure adequate oxygenation of the culture. 

5. A combination of Western blot and functional analysis allows an estimate of the expression of functional versus non-functional receptor protein.
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Figure legends

Figure 1 Functional expression of two A2AR constructs over time. Radioligand binding analysis of human WT adenosine A2a (filled bars) and a C-terminally truncated A2AR (open bars) receptors expressed in small scale (100 ml) flask cultures. Radioligand binding assay using [3H] ZM241385 was performed on membranes prepared from cells harvested at the different time points. Induction of the cultures was initiated by addition of methanol at time 0 hours.  The cultures were induced with xx % of methanol for 20 hours. Data shown are representative of at least n = 2 experiments for each condition. The data suggested that the optimal time to harvest cells was after 18 hours induction.
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