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Abstract: The aim of this study to purify GPCR from a local strain of S. cerevisiae  using gel filtration 

chromatography techniques , by packing materials for columns which will be chosen of low cost comparing to 

the already used in published researches, which  depend on the costly affinity chromatography and other 

expensive methods of purification. Local strain of S. cerevisiae chosen for extraction and purification of G-

protein coupled receptor (GPCR) .The strains were obtained from biology department in Al- Mosul  University, 

Iraq. The isolated colony was activated on Yeast  Extract Pepton Dextrose Broth (YEPDB)  and incubated at 30 

C˚ for 24 h .Loop fully of the yeast culture was transferred to (10ml) of yeast extract peptone glucose agar 

(YEPGA) slant , then incubated at 30C˚for 24h , after that it was stored at 4C˚ ,the yeast cultures were 

reactivated and persevered after each two weeks period. S.cerevisiae was identified by morphological, 

microscopic characterization and biochemical test . The GPCR that extract from membrane of S.cerevisiae was 

purified by gel  filtration chromatography in two steps using Sepharose 6B. The optical density for each fraction 

was measured at 280 nm by UV-VS spectrophotometer then the GPCR concentration was determined by using 

ELISA Kit . The fractions which gave the highest absorbance  and concentration of GPCR were collected .The 

molecular weight of  GPCR was determined by gel filtration chromatography using blue dextrin solution. 

Standard curve was plotted between log of molecular weight for standard protein and the ratio of Ve/Vo of 

GPCR . The purity of the GPCR that extracted and purified from whole cell of S, cerevisiae  were carried out by 

using SDS-PAGE electrophoresis In the first  step  5ml  of crude  extract was applied on sepharose 6B column 

(1.6x 96 cm) which previously equilibrated with 50 mM phosphate buffer saline pH= 7.4 . Multiple proteins 

peaks appeared after elution with elution buffer (PBS  PH= 7.4 containing 0. 5 % DDM). One peak only  give 

positive result with GPCR assay, fractions representing GPCR were collected , pooled and concentrated by 

sucrose. In the second step five active fractions from the previous step were collected and applied once again on 

the same column and same conditions. This step gave a single peak that was  identical with the peak of GPCR 

concentration ,maximum concentration of GPCR that observed in the fractions (34-38) was 18.541 (ng/ml) . The 

specific activity for these fractions was 261.14 (ng/mg) protein with yield of 47.717%. The  present study a chive  

a relatively high  purification  of GPCR from membrane fraction of  a local strain S. cerevisiae  with fold 

purification 5.094 and a yield  of  47.717%. and molecular weight about~55KD.        
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I. Introduction 
G-protein coupled receptors (GPCRs) are integral membrane proteins characterized by seven 

transmembrane helices and comprise one of the largest known superfamilies of receptors with in excess of 2000 

genes identified across taxa [1]. They are attractive and proven drug targets in a wide range of therapeutic areas 

due to their involvement in signaling and response to diverse external stimuli in nearly all human cell types [2]. 

Bacterial, yeast, and insect hosts have successfully been implemented for high-level expression of 

soluble proteins, and similar approaches have been applied toward the expression of membrane proteins[3] . 

Although all of these systems have proven useful for expression of some heterologous membrane 

proteins, each host has advantages and disadvantages associated with its use. For instance, microbial hosts such 

as E. coli and yeast offer well-understood genetics, low cost of culture, and relatively easy scale up. Insect and 

mammalian cells can perform many more complicated protein processing and post-translational modifications 

that may be necessary for proper function, but prove costly and time-intensive. However, even with several host 

systems available, heterologous expression has not yet systematically allowed for highlevel expression of any 

given GPCR of interest, and typically relies on trial-and-error methods. [4] 

Even though all GPCRs share a commonality in their seven transmembrane domain segments and in 

their ability to couple to trimeric G-proteins, they also display great diversity in their overall function, ligand 

preference, tissue location, and physiological prevalence [5] .  

Furthermore, significant differences exist in how proteins are expressed and processed in various 

heterologous systems, which may have a direct impact upon folding and activity of heterologously expressed 
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GPCRs. Given its ease of genetic manipulation, rapid growth, and eukaryotic secretory pathway, yeast are an 

attractive host system for the development of a robust GPCR expression system. Yeast have been successfully 

used for the heterologous expression of membrane proteins, specifically GPCRs. [6] 

Three GPCRs are known in S. cerevisiae included  a-factor  receptor (Ste2), ∝- factor  receptor  (Ste3) 

and Gpr1 . Although Ste2 and Ste3 are both coupled to  Gpr1 and activate the mating pathway ,the sequence 

similarity between them is limited [7] 

Both haploid  yeast cells types (∝ and a) express mating -type specific gene products such as the ∝ -

factor pheromone and the Ste2 in a- cells , and the  ∝- factor and  Set3 in ∝- cells. Pheromone binding to either 

receptor stimulates the exchange of GDP to GTP on the protein Gpa1 , which in turn dissociates from the 

dimmer , consisting of  Ste4 and Ste18 The  Ste 4 - Ste 18  dimmer transmits the signal to Ste 20 , the first 

member of the activated protein kinase family , which activates a MAP -kinase cascade [8] 

This process that is similar to hormone desensitization in mammalian cells . At the level of the receptor  

Set2 and Set 3 are down regulated by hyperphosphorylation of several C-terminal residues , followed by 

ubiquitylation , internalization and degradation . At the level of the G∝  protein  ,GPa1, desensitization depends 

on the GTPase stimulating protein which is a member of the RGS -protein family[9].  

Astudy using a native S. cerevisiae expression system ,1 mg quantities of His-epitope tagged α-factor 

receptor was purified on a Ni-NTA column and reconstituted in lipid vesicles. The binding activity of the 

reconstituted receptor indicated that only 6 % of the receptor was capable of ligand binding, but the addition of 

solubilized membranes from S. cerevisiae to the artificial membrane restored most of expected ligand binding 

activity (at least 80 %). Nevertheless, the co-factors for this effect were not identified despite extensive efforts. 

In another study, α-factor receptor was purified using a transient expression system in HEK293 EBNA cell line . 

About 1 mg of Ste2p was purified per liter of culture with relatively high affinity to a fluorescently-labeled α-

factor. However, for large scale purification a stable expression system is required, and the heterogeneous 

glycosylation of the recombinant protein in a mammalian system may interfere with the formation of 

diffractable crystals. As almost all human GPCRs do not exist naturally in high abundance, heterologous 

expression systems are required to achieve sufficient protein yields for structural characterization, generally at 

the mg/L scale or greater. [10].  

Recent expression of the human adenosine A2a receptor (hA2aR) in S. cerevisiae has yielded active 

protein at greater than 10 mg/L of culture, which has facilitated its purification[11]  Other studies have also cited 

improper trafficking of recombinant membrane proteins in yeast  [12]   

The aim of this study to purify GPCR from a local strain of S. cerevisiae  using gel filtration 

chromatography techniques , by packing materials for columns which will be chosen of low cost comparing to 

the already used in published researches, which  depend on the costly affinity chromatography and other 

expensive methods of purification.  

 

II. Materials and Methods 
Local strain of  S. cerevisiae obtained from department of Biology / College of Science / AL  Mosul  

University. The isolated colony was activated on YEPGB and incubated at 30 C˚ for 24 h.  

Loop fully of the yeast culture was transferred to (10ml) of YEPGA slant , then incubated at 30 C˚  for 

24h , After that it was stored at 4C˚ .The yeast cultures were reactivated and persevered after each two weeks 

period[13].  

S.cerevisiae was identified by morphological, microscopical characterization and biochemical test. 

The pellet cells were thawed and resuspended in solubilization buffer (50 mM PBS buffer , PH = 8.0 , 

100mM NaCl , 5mM MgCl2 , 1mM AEBSF) and protease inhibitor cocktail (us 10 µl for 1ml) with  n-Dodecyl-

β-D-maltoside (DDM) (1%)  and 5mM β-mercaptoethanol were added to the lysed sample  with gentle swirling 

on ice [10]  . and agitation with sterilized beads (0.4-0.5 mµ) by using vortex mixer several cycles of agitation 

(30-60 sec) was interspersed with cycles of cooling on ice[14] , 

The suspension was removed by pasteur pipte and suspension examined under light microscope (100X) 

, the disruption of the cell wall was observed, the suspension was centrifuged again at 5000 rpm to remove 

debris and remaining suspension was centrifuged at 25000 rpm for 120 min by ultra cooling centrifuge.  

The Final membrane pellet was washed and resuspended in solubilization buffer  (50 mM PBS buffer , 

PH = 8.0 , 100mM NaCl , 5mM MgCl2 , 1mM AEBSF) and stirred on ice for 1 hour and centrifuged at 14000 

rpm([10]   . 

Gel  filtration Chromatography was used in purification of GPCR from membrane fraction in two steps. 

Sepharose 6B which washed several times with 50mM PBS (PH = 7.4) , degassed by vacuum pump to 

remove the air bubbles and poured gradually in a column by using glass rod to avoid forming bubbles . Gel was 

left to settle down and  packed well to give  column with   (96 x 1.5) cm.  The gel was equilibrated with 50 mM   

PBS (PH = 7.4) .  
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The GPCR crude that prepared by solubilization of membrane was applied to the sepharose 6B column 

as a second step of purification  that was pre equilibrated with 50 mM PBS PH = 7.4 , the GPCR crude was 

eluted from the column by elution buffer( PBS PH=7.4  with 0.5%DDM). Aliquot of 5ml for each fraction was 

collected with flow rate (0.5 ml/min).The fractions that gave the highest absorbance at 280 nm and GPCR 

concentration were collected. Then ,these fractions are concentrated by sucrose using dialysis tube.  

The concentrated GPCR from first step was applied to the sepharose 6B column that pre equilibrated 

by 50 mM PBS (PH = 7.4) , and eluted with elution buffer . Aliquot of fraction were collected in each tube with 

flow rate of 0.5 ml/min and  optical density were determined for each collected fraction at 280 nm by UV-VIS 

spectrophotometer. The fractions that gave the highest  absorbance were collected , protein concentration 

measured by using Bradford method . The GPCR concentration was determined by using ELISA Kit from 

BlueGene Biotech, Shanghai, China for all steps of purification. The fractions which gave the highest 

absorbance  and concentration of GPCR were collected.  

The molecular weight of  GPCR was determined by gel filtration chromatography using blue dextrin 

solution .Standard curve was plotted between log of molecular weight for standard protein and the ratio of 

Ve/Vo of GPCR [15].  

The purity of the GPCR that extracted and purified from cell membrane of S. cerevisiae  were carried 

out by using SDS-PAGE electrophoresis[16]. 

 

III. Result and discussion 
The local strain of S.cerevisiae were identified by studying specific   microscopically, morphological 

and biochemical characterization[17].  

The ability of isolate S.cerevisea for fermentation and assimilation was examined ,which glucose, 

fructose, sucrose, galactose, lactose, maltose, raffinose  were used. The results illustrated that glucose, fructose, 

sucrose, galactose, , maltose, raffinose) were fermented and  assimilated  by the isolate strain while lactose  was 

not  fermented and assimilated by this isolate. The isolate also show un ability to hydrolyzed urea and produce 

ammonia. The characters are inagreement with   previous study[18].  

Yeast cells were  thawed and  resuspended in solubiziation buffer and transferred to tube containing  

acid – washed , dried , and the  cells were lyses  by shaking with glass beads. All steps performed at 4C˚and 

butters were supplemented with protease inhibitors cocktail in phosphate buffer[19]. 

GPCR  extracted from membrane of S. cerevisiae was solubilized and purified by gel filtration 

chromatography in two steps. In the first  step  5ml  of crude  extract was applied on sepharose 6B column (1.5x 

96 cm) which previously equilibrated with 50 mM phosphate buffer saline pH= 7.4. 

Results in figure (1) illustrates multiple proteins peaks appeared after elution with elution buffer (PBS  

PH= 7.4 containing 0. 5 % DDM). One peak only  give positive result with GPCR assay. Fractions representing 

GPCR were collected , pooled and concentrated by sucrose.                                                                                                                                       

        

 
Figure( 1):Purification of GPCR by Gel Filtration Chromatography , first step. 

In the second step five active fractions from the previous step were collected and applied once again on 

the same column and same conditions. This step gave a single. peak that was  identical with the peak of GPCR 

concentration as shown in figure (2)  
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   Figure( 2):Purification of GPCR by Gel Filtration Chromatography, second step. 
      

Table (1) represented volume ,protein concentration, GPCR  concentration , specific activity 

,purification fold and yield for all purification steps of GPCR from membrane of isolated  S.  cerevisiae The 

maximum concentration of GPCR that observed in the fractions (34-38) was 18.541 (ng/ml) . The specific 

activity for these fractions was 261.14 (ng/mg) protein with yield of 47.717%.  

 

Table (1): Volume ,protein concentration, GPCR  concentration , specific activity ,purification   fold and yield 

for all purification steps of GPCR from membrane of isolated  S.  cerevisiae 

 

The molecular weight is determined by gel filtration in sepharose -6B based on the standared  curve 

made by standard protein figure (3). The  Blue Dextran 2000 was used as a guide for assessing the correct 

column packaging and the astimation of void volume ,In this study the curve  plotted between absorbance at 600 

nm fraction number  and  the resolution of one identical peak  indicated the correct column packaging . Five ml 

of the concentrated active  fraction by sucrose  obtained in the gel  filtration  monitored for absorbance at 280 

and for GPCR concentration  was  used for estimation of molecular weight of GPCR by gel filtration 

chromatography with the aid of fraction of standard protein, showed  that the resolute protein(~54.950KD ) for  

GPCR extract  from membrane of S.cerevisiae.  

The molecular weight and purity of  GPCR  was determined by sodium dodecyl  sulfate -

polyacrylamide gel electrophoresis (SDS-PAGE) as shown in the figure (3). The molecular weight of GPCR 

that extracted from solubilization membrane fraction of  S.cerevisiae  was( ~ 55 KD) with  single band.  
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Figure (3): Estimation of molecular weight of GPCR by gel filtration 

 

 
Figure (4): Polyacrylamide  gel electrophoresis  of purified GPCR. crude( M): Membrane fraction 

   

From  previous  reports,  the  isolated  of   membrane  protein  from  S, cerevisiae cloned in eukaryotic 

cell  found to be easy extracted due to  membrane proteins produced in S. cerevisiae is challenging, and the 

limited number of membrane protein structure is due to difficulties encountered with production, solubilization 

and purification of appropriate  amounts of  membrane  proteins that  are able to from crystals  diffracting  at a 

high resolution [20,21]. 
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In  previous study, the alfa – factor , which is a 13- amino acid residue- long  peptide  agonist  of the 

yeast pheromone  response pathway, was successfully displayed on the  yeast  plasma membrane.  Signal  

activation was  observed  by employing a fluorescent reporter gene assay. Extended application of this system to 

human GPCRs which comprise one of the  most important types of drug targets[22]. 

The range of application of technology for displaying peptide ligands  on  yeast  plasma  membranes  

namely" pep display" was  extended in a recent study  to activation human GPCR  that was heterologous 

produced  in  S. cerevisiae. The methodology presented in  that  study could be useful for identifying novel 

peptide ligands for both liganded and orphan mammalian GPCRs .The authors suggest that plasma membrane is 

more suitable than cell wall in terms of peptide- ligand display. The higher accessibility of membrane- displayed 

ligands to GPCRs may be important   for efficient activation[23].. 

Other  recent study demonstrated the production of large quantities of high quality eukaryotic 

membrane proteins  in S. cerevisiae , a high- copy vector was modified to express membrane  proteins C- 

terminally – fused to a tobacco protease detachable[24]. 

The conclusion from this study is   The  present study a chive  a relatively high  purification  of GPCR 

from cell membrane of S. cerevisiae with fold purification 5.094 and a yield of 47.717%.and molecular weight 

about ~55KD . 

 

References: 
[1]. Horn F, Bettler E, Oliveira L, Campagne F, Cohen FE, Vriend G. ( 2003 ) GPCRDB information system for G protein-coupled 

receptors. Nucleic Acids Res.;31:294–297. ]  
[2]. Pierce KL, Premont RT, Lefkowitz RJ.( 2002) Seven-transmembrane receptors. Nat Rev Mol Cell Biol.;3:639–650. 

[3]. Chiu ML, Tsang C, Grihalde N, Macwilliams MP (2008)  Over-expression, solubilization, and purification of G protein-coupled 
receptors for structural biology. Combin Chem High Throughput Screen 11:439–462.  

[4]. McCusker EC, Bane SE, O’Malley MA, Robinson AS (2007)  Heterologous GPCR expression: a bottleneck to obtaining crystal 

structures. Biotechnol Prog 23:540–547 
[5]. Lagerstrom MC, Schioth HB (2008) Structural diversity of G protein-coupled receptors and significance for drug discovery. Nat 

Rev Drug Discovery 7:339–357.  

[6]. Andre N, Cherouati N, Prual C, Steffan T, Zeder-Lutz G, Magnin T, Pattus F, Michel H, Wagner R, Reinhart C (2006) Enhancing 
functional production of G proteincoupled receptors in Pichia pastoris to levels required for structural studies via a single expression 

screen. Protein Sci 15:1115–1126.  

[7]. Bonini  BM, P. Van Dijck J, Thevelein M.  (2013) Biochemistry and Molecular Biology chapter : Trehalose Metabolism: 
Enzymatic Pathways and Physiological Functions p – 331 .springer verloyn Berlin Heidelberg volume 3 ,Edition Number 2 . 

[8]. Xue  CH. Hsueh  YP. And  Heitman J. (2008) Magnificent seven: roles of G protein-coupled receptors in extracellular sensing in 

fungi. FEMS Microbiology . Rev. 32(6) : 1010- 1032 . 
[9]. Baltoumas AF, Theodoropoulou CM, Hamodrakas JS. (2013)   Interactions of the α-subunits of heterotrimeric G-protein with 

GPCRs effectors and RGS proteins ; A. critical review and analysis of interacting surfaces conformational shifts , structural 

diversity and electrostatic potentials . Journal  of structure Biology 182 ; 209- 218 . 
[10]. Shi C, Shin YO, Hanson J, Cass B, Loewen MC, Durocher Y. (2005) Purification and characterization of a recombinant G-protein-

coupled receptor, Saccharomyces cerevisiae Ste2p, transiently expressed in HEK293 EBNA1cells.  Biochemistry ;44:15705–15714.  

[11]. O’Malley MA, Lazarova T, Britton ZT, Robinson AS (2007) High-level expression in Saccharomyces cerevisiae enables isolation 
and spectroscopic characterization of functional human adenosine A(2)a receptor. J Struct Biol 159:166–178.  

[12]. Shukla AK, Haase W, Reinhart C, Michel H (2007) Heterologous expression and comparative characterization of the human 

neuromedin U subtype II receptor using the methylotrophic yeast Pichia pastoris and mammalian cells. Int J Biochem Cell Biol 
39:931–942 

[13]. Barnett JA , payne RW, and Yarrow D. (1990) Yeasts : Characteristic and identification 2nd  ed Cambridge Uni. Presses  , 

Cambridge. 

[14]. Shiroish M., Kobayashi T., Ogasawara S., Tsujlmoto H., Winter  G.,Kartitch V.,et al(2011). Structure of the human histamine H1 

receptor complex with doxepin.Nature:475,65-70. 

[15]. StellWagen  E,(1990) Gel filtration . In: Methods in Enzymology. (edited by Murray ,E.D. and Dentscher,P,J.),182:317-328. 
[16]. Garfin ED.(2003) Gel Electrophoresis of Protein, Essential .Cell. Biology. Cell Structure, Volume  1:Apartical Approach, Edited by 

John Davey and Mike Lord, Oxford  Uni. Press, Oxford ,UK. P:197-268 

[17]. Kurtzman PC, Fell  WJ, Boekhout T and Robert V. (2011) Methods for Isolation , Phenotypic  Characterization and Maintenance of 
yeast . the yeast , a Taxonomic study , Elsevier B.V .Chapter :7 P:88-110. 

[18]. Ladds G., Davis K., Hillhouse E. W., Davey J. (2003) Modified yeast cells to investigate the coupling of G protein-coupled 

receptors to specific G proteins. Mol. Microbiol. 47, 781–792. 
[19]. Marris  Mc  , Depollier J, Mery  J, Heitz  F.(2001). Apeptide Carrier for the delivery of Biologically active proteins into mamaline 

Cells . Nature Biotechnology 19 : 1173- 1176 

[20]. Clark KM, Fedoriw N, Robinson K, Connelly SM, Randles J, Malkowski MG, DeTitta GT, Dumont ME. (2010). Purification of 
transmembrane proteins from saccharomyces cerevisiae for X-Ray crystallography. protein Expr. Pur. 71(2) : 207- 223 . 

[21]. Sonoda Y. Cameron A. newstead S. Omote W. Moriyama Y. etd (2010) Tricks of the trade used to accelerate high – resolution 

structure determination of membrane proteins. FEBS Letters 584(12) : 2539- 2547 
[22]. Nakamura Y , Ishii J , Kondo A (2013) Bright Fluorescence Monitoring System Utilizing Zoanthus sp. Green Fluorescent Protein 

(ZsGreen) for Human G-Protein-Coupled Receptor Signaling in Microbial Yeast Cells. PLoS ONE 8(12):e82237. 

[23]. Hara K, Shigemori T, Kuroda K, Ueda M. (2012).Membrane – displayed . Somatostatin activates . Somatostatin receptor Subtype- 
2 heterologously produced in Seccharomyces cerevisiae . AMB Express  2(1) :63 

[24]. Scharaff-pouslen P. Pederson PA. (2013). Sccharomyces cerevisiae – Based Plat form for Rapid Production and evaluation of 

Eukaryotic Nutrient Transporters and Transceptors for Biochemical Studies and Crystallography plos ONE 8(10): e 76851. 


