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  Abstract                                                                                                                 

The aim of study To purify GPCR from a local strain of S. cerevisiae  using Ion  exchange  and 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 whole cell 
of S.cerevisiae was purified by ion exchange chromatography using DEAE-Sepharose ,the bound proteins (negatively 
charged) were then eluted using gradient concentration of NaCl  ranged between( 0.1 -0.5M). Gel filtration 
chromatography using Sepharose 6B was applied as a second step of purification. 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 ion 
exchange chromatography the fraction were collected with 5 ml tube at a flow rate 0.5 ml/ min and eluted with gradient 
(0.1-0.5M) of  sodium chloride solution. Two proteins  peaks appeared after eluted by the gradient concentration of 
sodium chloride, while  no protein peaks appeared in the washing fractions. The GPCR  concentration was measured in 
the fractions of these two protein peaks, data  indicated  that  GPCR located in the first protein peak (eluted at 0.1M of  
NaCl)  at fraction numbers between 3 and 9, the maximum concentration of GPCR was 9.281 with specific activity 
71.58(ng/mg)protein , 3.125 purification folds and72.9(%) yield while the second peaks (eluted at 0.4 M of NaCl) don't 
give any concentration for GPCR, thus its  neglected. Gel filtration chromatography was used as second step of 
purification which applied by using sepharose 6B. Results show single active protein peaks appeared that identical with 
the peak of GPCR at fractions numbers(29-35). The maximum concentration of GPCR was 9.082 (ng/ml)was observed in 
these fractions. The specific activity for these fractions was 151.37 (ng/mg) protein with 6.608 purification folds and 
39.64 (%) yield. The  present study a chive  a relatively high  purification  of GPCR from whole cell of  a local strain S. 

cerevisiae  with fold purification 6.608 and a yield  of  39.64 % and molecular weight about~33KD.        
 Key words: GPCR purification, S.Cerevisea, whole cell                                                  .                                                                              

 

1. Introduction:                                                                                                           
  

     G-protein coupled receptor (GPCR) are the largest family of membrane bound proteins that have seven 
membrane spanning domains connected by intracellular and extracellular domains. Due to their polypeptide chain 
passes seven times through  the plasma membrane ,the GPCR are also called  seven -  trans membrane (7 T) 
receptors that present in all  eukaryotic organisms (Salon 2011, Szczepek 2014). 
    A thousand human genes code for GPCR and they are involved in sensing a wide range of extracellular 
stimulation such as adrenergic receptors, dopamine receptors histamine receptors the light receptor rhodopsin and 
many odor and taste receptors(Cho  2012).           
    Recently , the ability of  different  ligands of on individual receptor to promote  distinct patterns  of cruller 
response- has gained important therapeutically beneficial  signaling  path ways over those leading to harmful 
effects (Wootten 2013). 
   The GPCR are divided into  five families depending on their sequence and structural similarities: rhodopsin 
(familyA), secretin (family B), glutamate (familyC), adhesion and frizzled /Taste(Ding2013)                                                                     
     G protein -GDP complex  binds closely to  GPCR which the change in  the conformation of the GPCR 
activates the G protein and GTP physically replaces the GDP bound to the alpha subunit resulting in dissociation 
of G protein subunits into two parts , GTP-bound alpha subunit and a beta -gamma dimer , which  both have an 
independent capacity to signal forward through the activation or inhibition  of effectors (Kolesnikov 2011). 
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    Hydrolysis of GTP to GDP leads to signal termination and reassociation of the heterotimer : regulators of G - 

protein -signaling proteins enhance the intrinsic GTP as activity of the    subunit which is used as a activators 

for  many  hormones  and  enzymes(Katritch 2013).  
Saccharomyces cerevisiae (S.Cerevisiae) ,which is type of yeast, is the best source for extraction and purification 
of GPCR due to its simplicity with respect to genetic manipulation , economical propagation , easy maintenance 

of stability(Junge  2008, Krishnan 2012). 

 
     Three GPCRs are known in S. cerevisiae Ste2,Ste3 and Gpr1 .Although Ste2 and Ste3 are both coupled to  
Gpr1 and activate the mating pathway, the sequence similarity between them is limited (Bonini et al 2013) . 
     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   protein  ,GPa1, 

desensitization depends on the GTPase   stimulating protein which is a member of the RGS -protein family 
(Baltoumas et al2013)                                                                                                              
     Purification is a major challenge in the field of GPCR research because many GPCRs are denatured by 
detergents .Due to the difficulty of purifying GPCRs, Only a small number of them have been successfully 
reconstituted  to date(Chac et al 2010)                                                                                               
    The aim of the present study to purify GPCR from a local strain of S. cerevisiae  using Ion  exchange and 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 .                                                .                                   

                                               

2.Materials and Methods:                                                                                                   

 
     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 peptone Glucose Broth (YEPD) and incubated at 30 C˚ 
for 24 h .Loop fully of the yeast culture was transferred to (10ml) of yeast extract peptone glucose agar (YEPDA) 
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( Barnett et al 1990) 
     S.cerevisiae was identified by morphological, microscopic characterization and biochemical test, the pellet 
cells were thawed and resuspended in extraction buffer (50 mM PBS buffer , PH = 8.0 , 100mM NaCl , 5mM 
MgCl2 , 1mM AEBSF) and added protease inhibitor cocktail (us 10 µl for 1ml) with gentle swirling on ice (Shi  
et al 2005). 
     The S.cerevisiae cells can disruption by mechanical methods (ultrasoniction) which three time (1 min 
operation, 1 min shutting) (duty cycle 80% , power 140 w) under cool conditions( D.K. Apar& B. Ozbek 2008) . 
     n-Dodecyl-β-D-maltoside (DDM) (1%)  and 5mM β-mercaptoethanol were added to the lysed sample and 
stirred on ice for 1 h. Lysed sample was centrifuged for 1 h at 10000 rpm to remove insoluble cellular 
material(Shi  et al 2005).  
     The GPCR that extract from whole cell of S.cerevisiae was purified by Ion exchange chromatography using 
DEAE-Sepharose ,the bound proteins (negatively charged) were then eluted using gradient concentration of NaCl  
ranged between( 0.1 -0.5M).  
     Gel filtration chromatography using Sepharose 6B was applied as a second step of purification. Crude GPCR 
was eluted with PBS(PH=7.4)with DDM buffer . Aliquot of 5ml fraction were collected in each tube with flow 
rate of 30 ml / h . The concentrated sample was applied to the sepharose 6B column  that was  pre equilibrated 
with (50 mM PBS PH = 7.4).Aliquot of an eluted with PBS(PH=7.4)with DDM   buffer .5ml fractions were 
collected in each tube with flow rate of 30 ml/h . The optical density for each fraction was measured at 280 nm by 
UV-VIS spectrophotometer then the GPCR concentration was determined by using ELISA Kit from BlueGene 
Biotech, Shanghai, China. 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(StellWagen 1990).The purity of the GPCR that extracted and purified from whole cell of S, cerevisiae  
were carried out by using SDS-PAGE electrophoresis(Garfin 2003). 
 
3.Results   and discussion:   
     The local strain of S.cerevisiae were identified by studying specific microscopically, morphological and 
biochemical characterization(Kurtzman 2011) 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 
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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 in agreement with   previous study(Ladds 2003)  
     Yeast cell were thawed and resuspended in extraction buffer and disrupted the cell well with ultrasonicater 
.All steps performed at 4C˚and all butters were supplemented with protease inhibitors cocktail(Marris 2001). 
     The GPCR that extracted from  whole  cell of local  strain of S.cerevisiae was  purified in the first step by ion 
exchange chromatography using DEAE- sepharose  (an anionic ion exchange ) that washed and eluted by (50mM 
PBS +DDM) ,the fraction were collected with 5 ml tube at a flow rate 30 ml/ h and eluted with gradient (0.1-
0.5M) of  sodium chloride solution. Two proteins  peaks appeared after elution by the gradient concentration of 
sodium chloride, while  no protein peaks appeared in the washing fractions. The GPCR  concentration was 
measured in the fractions of these two protein peaks, data  indicated  that  GPCR located in the first protein peak 
(eluted at 0.1M of  NaCl)  at fraction numbers between 3 and 9 while the second peaks (eluted at 0.4 M of NaCl) 
don't give any concentration for GPCR , thus its  neglected . 

 

Figure(1): Purification  of GPCR by Ion exchange chromatography                       

Fractions represent GPCR were pooled and concentrated to (5ml) by sucrose, then protein concentration, 
GPCR concentration were measured as shown in table (1).Gel filtration chromatography was used as second step 
of purification which applied by using sepharose 6B.  Aliquot of five ml of concentrated fractions from step one 
was injected into column (1.6x 96 cm) which previously equilibrated with 50 mM phosphate buffer saline ( pH= 
7.4), and eluted with elution buffer with flow rate  of 30 ml/h and 5ml for each fraction .Results displayed in 
figure (2) show single active protein peaks appeared that identical with the peak of GPCR at fractions 
numbers(29-35).              
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                                       Figure(2):Purification of GPCR by Gel filtration chromatography                       

  

      The maximum concentration of GPCR that observed in the fractions (29-35) was 9.082 (ng/ml)           

The specific activity for these fractions was 151.37 (ng/mg) protein with yield of 39.64%                    . 

   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  GPCR that extracted from whole cell  was showed 

(~ 33 KD) with single band.                                      

 

 

       Figure (3):Polyacrylamide  gel electrophoresis  of purified GPCR.W: Whole cell. 
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Table(3.3):  Volume /protein concentration, GPCR  concentration , specific activity ,purification fold and 

yield for all purification Steps of   GPCR from whole cell of locally isolated  S.   cerevisiae.                                

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
      The isolation of eukaryotic 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(Wong 2011, Clark 2010). 

     Another study revealed  that expression does not  always lead  to successful functional purification (O'Malley  

2003). In recent study developed a platform by using Saccharomyces  cerevisiae for the rapid construction and  
evaluation of  functional GPCR variants for structural studies was performed . This  platform  enables us to 
perform a screening  cycle from construction to evaluation of variants within 6-7 days, we firstly confirmed the 
functional expression of 25 full- length class A GPCRs, then in order to improve the expression level and 
stability generated and evaluated the variants of the four GPCRs (HADRB2, hcHRM2, hHRHI and  hNTSRI) 
were performed, these stabilized receptor  variants  improved  both functional activity and  monodispersity, 
finally the expression level of the stabilized hHRH1 in pichia pastoris was improved up to 65 pmol/ mg from 
negligible expression of the functional full- length receptor in S. cerevisiae at first screening. The stabilized 
hHRH, was able to be purified for use incrystailization trials The results also demonstrated  that the S. cerevisiae 
system should serve as an easy- to- handle and rapid platform for the constructure and evaluation of GPCR 
variants. This  platform can be powerful prescreening method  to identify a suitable GPCR variant for 
crystailography (Shimamura 2011).                                                                                                                           
     Other  recent study demonstrated that to produce large quantities of high quality eukaryotic membrane 
proteins  in S. cerevisiae they modified a high- copy vector was modified to express membrane  proteins  c- 
terminally – fused to a tobacco virus protease detachable(Scharaff -pouslen 2013). 
     The  present study a chive  a relatively high  purification  of GPCR from whole cell of  a local strain S. 

cerevisiae  with fold purification 6.608 and a yield  of  39.64 % and molecular weight about~33KD.                                                                                             

     As far to  our knowledge  this is the first study reported the purification of GPCR from local strain of S. 
cerevisiae in Iraq by two steps firstly, by using DEAE- sepharose in ion exchange chromatography and 

sepharose 6B in gel filtration chromatography. 

 

4. Conclusion  

   The  present study  chief  a relatively high  purification  of GPCR from S.cerevisiae by low cost materials used 
as risen .GPCR that purified from whole cell of  a local strain S. cerevisiae are with 6.608  fold purification, 
39.64 % a yield and molecular weight about~33KD.  

 

References  

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 . 

Barnett, JA. , payne, RW., & Yarrow, D. (1990), "Yeasts : Characteristic and identification" (2nd  ed.). Cambridge Uni. 

Presses  , Cambridge. 

 
Yield(%)  

Purification 
Fold  

Specific 
Activity 
(ng/mg)  

GPCR 
Conc.  

(ng/ml) 

Protein 
Conc. 

(mg/ml)  

Volume 
(ml)              

steps  

100  1  22.906  11.453  0.50  10  Crude GPCR 
  

72.9 
  

3.125 
  

71.58  
  

9..281  
  

0.13  
  

9  
  

Ion exchange 
step 

39.64 
 

6.608 
 

151.37  9.082  0.06  5  Gel filtration 
step 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 

ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 

Vol.5, No.20, 2015 

 

65 

Bonini,  M., Van Dijck,  P., Thevelein, M.  (2013)," Biochemistry and Molecular Biology" (2rd ed). springer- Verloyn Berlin 

Heidelberg ,(chapter 5 : Trehalose Metabolism: Enzymatic Pathways and Physiological Functions). volume 3,291-332 . 

Chac,  RS., Rasmussen, SGF., Rana, RR.,  contfryd, K.,  chandra , R. et al. (2010)," Maltose–neopentyl glycol (MNG) 

amphiphiles for solubilization, stabilization and crystallization of membrane proteins". Nat. Methods : 7 , 1003- 1008 

Cho ,YM., Merchant, CE., Kieffer, TJ. (2012), "Targeting  the glucagon receptor family for diabetes and obesity therapy". 

Pharmacol Ther . 135(3),247-278 

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 . 

Ding, X., Zhao, X., Watts, Am. (2013), "G protein coupled receptor Structure , ligand binding and activation as studied by 

Solid – State NMR Spectroscopy" Biochem J. MSO(3) : 443-457 . 

D.K. Apar, B. Ozbek, (2008) ,"Protein Releasing Kinetics of Bakers Yeast Cells by Ultrasound" 

Chem.Biochem.Eng.Q.22(1),113-118. 

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 

Junge, F., Schneider, B., Reckel, S., Schwarz, D., Dötsch, V., Bernhard, F. 

 (2008)," large scale production of functional membrane protein" Cell. Mol. Life. Sci. 65(11) , 1729-1755 

Katritch ,V., Cherezov, V., Stevens, RC. (2013), "Structure – function of the G-protein coupled receptor Superfamily" . Annu 

Rev. Pharmacol Toxicol 53 , 531- 556 . 

Kolesnikov, AV., Rikimaru, L. ,Henning, AK., Lukasiewicz, PD., Fliester, SJ., Govardovskii ,VI ., Kefalov, VJ., Kisselev, 

OG. (2011) ,"G-protein betagamma- complex is crucial for efficient signal amplification in vision" J. Neurosci I  31(22) 

,8067- 8077 

Krishnan, A., Alme´n, MS., Fredriksson, R., Schio¨th, HB. (2012)," The Origin of GPCRs: Identification of Mammalian like 

Rhodopsin Adhesion, Glutamate and Frizzled GPCRs in Fungi"  PLoS ONE 7(1) , e 29817 . 

Kurtzman, PC., Fell , WJ., Boekhout, T. & Robert, V. (2011)," Methods for Isolation , Phenotypic  Characterization and 

Maintenance of yeast" . the yeast , a Taxonomic study , Elsevier,(Chapter 7) P:88-110. 

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. 

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 . 

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 A2a receptor". J Struct. Biol 159(2),166-

178. 

Salon, JA. , Lodowski, DT., & palczewski , K. (2011), "The Significance of  G protein  receptor  crystallography for drag 

discovery"  pharmacol . Rev  63 , 901 -937 

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. 

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" EBNAI cells 

.Biochemistry 44(48),15705-15714 

Shimamura, T., Shiroishi, M., Weyand ,S., Tsujimoto, H., Winter, G., Katritch, V., Abagyan, R., Cherezov, V., (2011) 

,"Structure of the human histamine H1 receptor complex with doxepin" Nature 475(7354):65-70 

StellWagen , E.,(1990)," Gel filtration . In: Methods in Enzymology". (edited by Murray ,E.D. and Dentscher,P,J.),182,317-

328. 

Szczepek, M., Beyriere, F., Hofmann, KP., Elgeti ,M., kazmin, R., Rose, A., Bartl,  FJ., von Stetten, D.,  Heck, M., Sommer, 

ME., Hildebrand, PW., Scheerer, P. (2014) ,"  Crystal  Structure of a common GPCR- binding interface for G protein and 

arrestin"  Not common 10( 5) , 4801 

Wootten , D., Simms, J., Miller, LJ., Christopoulos, A., Sexton, PM. (2013) "Polar transmembrane interactions drive 

formation of ligand – specific and signal pathway-biased family BG protein-coupled receptor conformations "  Proc. Natl . 

Aced . Sci. USA 110(13) , 5211-5216 

Wong ,X., Corin ,K., Rich, C., Zhang, Sh.(2011) "Study of two G-protein coupled receptor variants of human trace amino-

associated receptor 5" Scientific reports 1:102. 

  
 

 


