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Abstract 

Charles University in Prague 

Faculty of Pharmacy in Hradec Králové 

Department of Pharmacology and Toxicology 

Candidate:  Jan Ćwierz 

Supervisors:  Prof. Dr. med. Ivar von Kügelgen 

 Doc. PharmDr. Petr Pávek, Ph.D. 

Title of diploma thesis: Role of two lysine amino a cid residues in transmembrane 

regions in agonist recognition of the human P2Y 12 receptor 

 

Human P2Y 12 receptor expressed on platelets plays a key role i n their 

physiological function. It importantly participates  in maintenance of normal 

haemostasis and is often targeted by antiplatelet m edication, such as 

clopidogrel. Replacement of amino acid residues res ponsible for ADP binding, 

which is a naturally occurring negatively charged a gonist, can lead to impaired 

ligand-receptor interaction. Aim of this work was t o study the role of two lysine 

amino acid residues in the position 173 and 174 of the P2Y12 receptor protein 

and subsequent changes in 2-methylthio-ADP binding.  Two positively charged 

lysine amino acid residues were substituted with ne utral residue alanine. 

Receptor expression in Chinese hamster ovary was an alyzed by 

immunofluorescence staining and laser scanning conf ocal microscopy. 

Subsequently, the wild-type receptor and three muta nt variants (K173A, K174A 

and K173A/K174A) were examined by means of 2-methyl thio-ADP-induced 

responses in two reporter gene assays: the cAMP-dir ected luciferase expression 

in the presence of forskolin and the serum response  element dependent 

luciferase expression. None of IC 50 and EC 50 values exceeded nanomolar range 

and neither of mutant constructs showed properties different from the wild-type 

receptor. Although the mutation Lys174Ala doesn’t s eem to have any effect on 

receptor function, recently published data of Lys17 4Glu are suggesting the 

disruption ADP binding site of receptor. Future res earch could provide more 

information on this mutant construct. Antagonist bi nding studies on K173A, 

K174A and K173A/K174A mutant constructs are yet to be conducted. 



  

Abstrakt 

Univerzita Karlova v Praze 

Farmaceutická fakulta v Hradci Králové 

Katedra farmakologie a toxikologie 

Kandidát:  Jan Ćwierz 

Školitelé:  Prof. Dr. med. Ivar von Kügelgen 

 Doc. PharmDr. Petr Pávek, Ph.D. 

Název: Úloha dvou lysinových aminokyselin v transme mbránových regionech 

lidského P2Y 12 receptoru v rozpoznání agonisty.  

Lidský receptor P2Y 12 exprimovaný na krevních desti čkách hraje klí čovou úlohu 

v jejich fyziologické funkci. Význa čně se podílí na zachování normální hemostázy 

a je často cílem protidesti čkové lé čby, jako je podávání clopidogrelu. Nahrazení 

aminokyselin zodpov ědných za vazbu ADP, což je negativn ě nabitý endogenní 

agonista, m ůže vést ke snížené interakci mezi ligandem a recept orem.  

Cílem práce bylo studovat roli dvou lysinových amin okyselin na pozici 174 a 173 

aminokyselinového řetězce receptoru P2Y12 a následné zm ěny jeho vazebného 

místo pro rozpoznávání 2-MeSADP.  

V rámci mé diplomové práce byly dva lysinové řetězce nesoucí kladný náboj 

nahrazeny neutrálním alaninem. Míra exprese recepto rů v CHO buňkách byla 

analyzována pomocí imunofluorescen čního proteinu a konfokální mikroskopie. 

Přirozená (wild-type) a t ři mutantní varianty receptoru (K173A, K174A and 

K173A/K174A) byly následn ě zkoumány s využitím standardní reportérové eseje. 

Exprese luciferázy byla stimulována pomocí 2-methyl thio-ADP a sp řažena s SRE 

nebo s nárustem cAMP v p řítomnosti forskolinu.  

Žádná z IC 50 a EC50 hodnot nep řesáhla rozmezí nanomolární koncentrace a žádný 

z mutovaných receptor ů nevykázal rozdílné chování v p řítomnosti agonisty ve 

srovnání s wild-type receptorem.  

Přestože mutace Lys174Ala nejeví žádné funk ční změny v našich experimentech, 

v nedávné dob ě publikovaná data o Lys174Glu nazna čují porušení vazebného 

místa receptoru pro ADP. Budoucí výzkum by mohl pos kytnout více informací o 

této mutaci. Studie zkoumající vazbu antagonist ů na varianty K173A, K174A a 

K173A/K174 budou výhledov ě realizovány.  
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1. Introduction 

It has been previously proven (Jacobson et al. 2005 , Hoffmann et al., 2008, 

Mao et al., 2010) that some of amino acid residues located in TM 3, 5, 6 and 7  

and EL 2 and 3 are essential for function and ligan d recognition of the P2Y 12-

receptor. This work focuses on residues, which coul d be involved as well 

because of their position (extracellular domains of  the receptor), importance for 

protein structure and because of their positive cha rge. Site-directed mutagenesis 

was employed to acquire K173A, K174A and K173/K174 mutants. These were 

subsequently examined by 2-methylthio-ADP (2-MeSADP ) stimulated changes in 

serum response element (SRE) or cAMP response eleme nt (CRE) pathways 

using luciferase reporter gene assays. 

1.1 Purine receptors classification 

Extracellular purines (adenosine, ADP, and ATP) and  pyrimidines (UDP and 

UTP) are important signaling molecules that mediate  diverse biological effects 

via cell surface receptors termed purine receptors.  There are two main families 

of purine receptors, adenosine or P1 receptors, and  P2 receptors, recognizing 

primarily ATP, ADP, UTP, and UDP. Adenosine/P1 rece ptors have been further 

subdivided, according to convergent molecular, bioc hemical, and 

pharmacological evidence into four subtypes, A 1, A2A, A2B, and A 3, all of which 

couple to G proteins. Based on differences in molec ular structure and signal 

transduction mechanisms, P2 receptors divide natura lly into two families of 

ligand gated ion channels and G protein-coupled rec eptors termed P2X and P2Y 

receptors, respectively (Ralevic & Burnstock, 1998) . 

Tab. 1 Purine receptor classification 

P1 P2X P2Y 

A1  A2A A2B A3 P2X1-7 P2Y(1,2,4,6,11) P2Y(12,13,14) 

GPCR Ligand gated 

ion channel 

GPCR 

Gi/Go Gs Gs Gi/Go - Gq Gi 

Purine receptor families, their subtypes and coupli ng to G protein. 
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1.2 P2-receptors 

Considering the P2X-receptor subfamily, 7 mammalian  subtypes (P2X 1-7) 

have been identified to this date. Human P2Y recept or family comprises at least 

five G q-coupled subtypes (P2Y 1, P2Y2, P2Y4, P2Y6 and P2Y 11) and three G i-

coupled subtypes (P2Y 12, P2Y13, P2Y14) with varying selectivity for adenine or 

uracil nucleotides and for 5’-diphosphates or 5’-tr iphosphates. Both subgroups 

differ phylogenetically, which results in distinct protein structure, coupling to G 

proteins and transduction pathway activation (Costa nzi et al., 2004). 

1.3 P2Y12 receptor 

The first P2Y receptors were cloned in 1993. Since then several other 

subtypes have been isolated by homology cloning and  assigned a subscript on 

the basis of cloning chronology (P2Y 4, P2Y6, P2Y11) and finally the long awaited 

Gi-coupled ADP receptor (previously called called P2Y ADP, P2YAC, P2Ycyc  or P 2TAC) 

of platelets was isolated by expression cloning in 2001 (Hollopeter et al., 2001). 

Although human, bovine, rat and mouse P2Y 12 receptors have been identified 

and characterized, this work will focus on its huma n variant.  

1.3.1 Role in platelet activation 

Platelet surface expresses three receptors binding extracellular 

nucleotides: P2X 1, P2Y1 and P2Y 12. P2X1 is ligand-gated cation channel 

responsible for a fast calcium entry activated by A TP. About 70% of platelet 

binding sites for ADP are associated with P2Y 1, while the remaining 30% are 

associated with P2Y 12. Concomitant activation of both the G q and G i pathways by 

ADP is necessary to elicit normal aggregation (Catt aneo, 2011). As P2Y 1 is 

coupled to G αq, the receptor triggers the mobilization of calcium  from internal 

stores, which results in platelet shape change and weak, transient aggregation in 

response to ADP. The P2Y 12 receptor is coupled to G αi2 and is responsible for 

completion of the platelet aggregation response to ADP initiated by P2Y 1. It plays 

a central role in amplification of the aggregation induced by all known platelet 

agonists whatever their signalling pathway, includi ng collagen, thrombin, 

immune complexes, TXA 2, adrenaline and serotonin. The intracellular pathw ays 

through which P2Y 12 amplifies platelet responses include inhibition of  cyclic 

AMP production, vasodilator-stimulated phosphoprote in (VASP), 
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dephosphorylation, phosphoinositide 3-kinase (PI 3- K) and small GTPase Rap1B 

activation (Gachet, 2008) 

 

Fig. 1. Current model of three platelet P2 receptor s (modified from Gachet, 2008) 

The P2X1 receptor allows rapid calcium influx and platelet shape change in 

response to ATP. The P2Y 1 and P2Y 12 receptors are essential for normal 

aggregation in response to ADP: the G q coupled P2Y 1 receptor is responsible for 

intracellular calcium mobilization, shape change an d initiation of aggregation 

and the G i-coupled P2Y 12 receptor for completion of the ADP-induced 

aggregation response and for potentiation of the ag gregation and secretion 

induced by other agents through various intracellul ar pathways. P2Y 12 can be 

discriminated by several antagonist compounds (see text). Antagonists acting at 

P2X1 and P2Y 1 receptors are also available, but not shown. 

This subsequently leads to the activation of the he terodimeric integrin 

GPIIb/IIIa, also known as the fibrinogen receptor a nd its change from a low-

affinity state to a high-affinity state that binds fibrinogen. This cross-linking of 

platelets to fibrinogen results in platelet aggrega tes that accumulate and arrest 

bleeding at the site of injury (Dorsam & Kunapuli, 2004). 
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1.3.2 Molecular structure 

As a typical GPCR, the predicted structure of human  P2Y12 consists of 7 

transmembrane regions, 3 extra- and 3 intracellular  loops altogether made up of 

253 amino acids. Cysteine residues C97 and C175 as well as C17 and C270 are 

most likely to be connected by disulfidic bridge (S avi et al., 2006, Algaier et al., 

2008).  Receptor is glycosylated at its extra cellu lar amino-terminus. This N-

linked glycosylation is important for signal transd uction but not for surface 

expression nor for ligand binding (Zhong et al., 20 04). 

Mutagenesis and structural modeling studies (Jacobs on et al., 2005, 

Hoffmann et al., 2008, Mao et al., 2010) indicate t hat amino acid residues 

necessary for ligand binding are situated in upper portions of  transmembrane 

regions 3, 5, 6 and 7 (Q98, N191, H253, R256, Y259,  K280).  Receptor’s naturally 

occurring agonist ADP carries negative charge, whic h interact with cationic 

residues. Therefore its replacement with neutral or  negative amino acids results 

in impaired receptor function (Hoffmann et al., 200 8). A patient with congenital 

bleeding disorder has been described to carry an Ar g256 substitution to Gln256, 

which showed up to be the underlying cause of his d isease (Cattaneo et al., 

2003). It has been described that even some of the residues found in 

extracellular loops such as K174 (EL2) and R265 (EL 3) contribute to ligand 

recognition process as well. In the intracellular r eceptor domains showing 

responsibility for constitutive G protein activatio n Leu115 and the DRY motif 

(TM3) have been found to be involved (for a recent review see von Kügelgen & 

Harden, 2011). 
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Fig. 2. Predicted secondary structure of the human P2Y12 receptor (modified from 

von Kügelgen & Harden, 2011).  

Black filled circles indicate lysine positions 173 and 174. Bold letters highlight 

amino acids that most likely contribute to the nucl eotide binding site within the 

transmembrane regions. The solid lines show predict ed disulfide bridges 

Potential sites for N-linked glycosylation are not indicated. TM - transmembrane 

region; EL - extracellular loop.  

1.3.3 G-protein coupling and signal transduction 

The receptors of the P2Y 1-like group (i.e., the P2Y 1, P2Y2, P2Y4, P2Y6 and 

P2Y11 receptors) all couple via G q proteins to stimulation of phospholipase C 

followed by increases in inositol phosphates and mo bilization of Ca 2+ from 

intracellular stores; the P2Y 11-receptor mediates in addition an increase in 

adenylate cyclase activity. The receptors of the P2 Y12-like group, namely, the 

P2Y12, P2Y13 and P2Y 14 receptor, all couple via G i-proteins to inhibition of 

adenylate cyclase followed by a decrease in intrace llular cAMP levels. In 

agreement with this general notion, the purified P2 Y1-receptor protein showed 

receptor activity when reconstituted with G αq/β1γ2- or Gα11/ β1γ2-proteins and the 
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purified P2Y 12-receptor protein acted as receptor when reconstitu ted with 

Gαi2/β1γ2-proteins, but not when reconstituted with G αq/β1γ2-subunits (see von 

Kügelgen, 2006). 

Fig. 3. Schematic diagram showing GPCR signaling pa thways 

Upon stimulation, G αs-coupled receptors activate adenylyl cyclase (AC) r esulting 

in an increase in cAMP; G αi-coupled receptors inhibit AC; the βγ subunits 

activate the MAP kinase pathways; G αq-coupled receptors activate 

phospholipase C (PLC) to produce IP 3, which in turn increases intracellular 

calcium concentration. CRE - cAMP response element;  SRE - serum response 

element; AP-1 - activator protein 1, and NFAT-RE - nuclear factor of activated T-

cells response element (Fan et al., 2005) 

1.3.4 Response to agonist/antagonist ligands 

hP2Y12 is activated by its endogenous ligand ADP resultin g in inhibition  of 

intracellular cAMP accumulation. This has been obse rved more than 30 years 

ago in platelets, long before the receptor itself w as identified by Hollopeter et al. 
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(2001). Its adenine diphosphate derivative 2-MeSADP  is even more potent. It was 

found to be three orders of magnitude more potent t han ADP was at the purified 

human P2Y 12 receptor (Bodor et al, 2003). ATP has been describ ed to be acting 

as antagonist in experiments with platelets, but in  other cell types natively 

expressing same receptor was shown to be an agonist  (von Kügelgen & Harden, 

2011). A subtype selective agonist has not yet been  discovered, because ADP 

and its analogues (including 2-MeSADP) activate bot h P2Y1 and P2Y 12. 

The antiparasitic drug suramin and the dye reactive  blue 2 (RB 2) are 

commonly used blocking agents in research. The RB 2  analogue PSB0739 was 

reported as the strongest P2Y 12 selective antagonist so far (Hoffmann et al., 

2009). Thienopyridine group of molecules which comp rise ticlopidine, 

clopidogrel or prasugrel binds to receptor in coval ent manner thus inhibiting the 

protein function. Preceding transformation by liver  enzymes to an active 

metabolite is required. Triphosphate analogues of e ndogenous agonists, namely 

cangrelor and AR-C67085, are potent antagonists. A diphosphate compound, 

MRS2395, and a monophosphate, INS 50589, have been also reported to act as 

antagonists (reviewed by von Kügelgen & Harden, 201 1). 

For radioligand binding studies, [ 33P]2-MeSADP and [ 3H]2-MeSADP can be 

used (Cattaneo et al., 1997; Takasaki et al., 2001) . A more recent structure 

[3H]PSB0413 acting as selective antagonist has been d eveloped (El-Tayeb et al., 

2005).  

1.3.5 hP2Y12 as a therapeutical target 

Four compounds targeting the hP2Y 12 receptor are currently in 

pharmaceutical use for thrombosis prevention: ticlo pidine, clopidogrel, 

prasugrel and ticagrelor. Clopidogrel has been the world's second-biggest 

selling drug with sales worth billions of dollars i n the last years. Because the 

onset of action is rather low and some patients are n’t able to metabolize the 

prodrug completely, for these and other reasons pha rmaceutical companies put 

a lot of effort in development of other structures.  Prasugrel was approved in 

2009 by EMA for blood clots prevention in patients undergoing percutaneous 

coronary intervention. Elinogrel entered phase II c linical trials for the same 

purpose, but with the advantage of both oral and in travenous administration. 

Another drug authorized by EMA in 2010 is ticagrelo r for the treatment of acute 

coronary syndrome and peripheral vascular diseases.  It acts as an orally active 

reversible antagonist. Cangrelor is reversible anta gonist that must be 
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administered intravenously because it is a charged molecule with a very short 

halflife. Phase III studies for PCI intervention we re discontinued for the lack of 

benefit compared to clopidogrel. A phase II study i n coronary artery bypass graft 

surgery has been initiated (Jacobson & Boeynaems, 2 010). 

1.3.6 Congenital dysfunction of the hP2Y 12 

A few patients with abnormalities of platelet P2Y 12 receptor have been 

characterized so far. They display mild-to-moderate  bleeding diathesis, 

characterized by mucocutaneous bleeding and excessi ve postsurgical and 

posttraumatic blood loss. These congenital dysfunct ions are associated with 

molecular defects involving TM6 or adjacent EL3, wh ich identify a region of the 

protein whose integrity is necessary for normal rec eptor function, as previously 

stated. Analysis of the patient’s P2Y 12 gene revealed, in one allele, a G to A 

transition changing the codon for Arg256 in TM6 to Gln and, in the other, a C to T 

transition changing the codon for Arg265 in EL3 to Trp. Neither mutation 

interfered with receptor surface expression but bot h altered receptor function, 

since ADP inhibited the forskolin-induced increase of cAMP markedly less in 

cells transfected in either mutant than in WT cells . Point mutation resulting in 

P258T substitution was confirmed in other patient. A mutation, predicting a 

K174E substitution was identified in one patient wi th von Wlilebrand disease 

(Cattaneo, 2011). 

1.3.7 Tissue distribution and function 

As mentioned above, P2Y 12 receptor abundantly occurs on platelets, which 

is the only site targeted by existing medication. N evertheless, it has also been 

shown to be expressed in sub-regions of the brain, brain capillary endothelial 

cells, smooth muscle cells and chromaffin cells (Ab bracchio et al., 2006), but the 

precise funtion in these locations still needs to b e clarified and is under 

investigation. In microglial cells is responsible f or their movement towards the 

sites of injury, where intracellular nucleotides ar e released. This has been 

demonstrated by using P2Y 12 knock-out models (Haynes et al., 2006). 
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2. Objective 

The main aim of this work is to assess the role of two neighboring lysine 

amino acid residues in positions 173 and 174 of hum an P2Y12 receptor in agonist 

recognition. Expression of both wild-type and mutan t proteins will be confirmed 

by immunoflourescence. CHO Flp-In cells stably expr essing K173A, K174A and 

K173A/K174A mutant constructs will be transiently t ransfected with either the 

pSRE-Luc or the pCRE-Luc vector. To measure changes  in these response 

elements upon 2-MeSADP stimulation, luciferase gene  reporter will be employed. 

Obtained data will be compared with available value s reported in the 

literature. The results might specify a role of Lys 173 and Lys174 in the receptor 

binding pocket, suggest further experimental steps with these particular mutant 

variants and last but not least contribute to gener al knowledge of human P2Y 12 

receptor structure and function. 
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3. Methods and materials 

3.1 Molecular biological experiments 

Sequence encoding human P2Y 12 receptor was isolated from DNA library 

and amplified by PCR. Gene of interest was then lig ated into the expression 

vector pcDNA™5/FRT/V5-His TOPO (Invitrogen). Mutati ons were introduced 

using mutagenic primers and standard site-directed mutagenesis technique. 

Sequences encoding for mutant hP2Y 12 receptor were verified at GATC Biotech 

(Konstanz, Germany). Desired plasmids were transfer red to E. coli by means of 

transformation and bacteria were grown for 24 hours . Multiplied plasmid copies 

were purified from other unwanted nucleic acids and  cell components on 

silicagel membrane (MiniPrep, Qiagen). Acquired pla smids were aliquoted and 

stored for ongoing experiments (prepared by Mrs. Sp itzlei). 

3.2 Expression of mutant receptors in CHO cell line  

Chinese hamster ovary (CHO) Flp-In cells were incub ated at 5% CO 2 and 

37°C in Ham’s F-12 medium supplemented with Glutama x I, 10% FBS and 

hygromycin and were split every 3 days using trypsi n-EDTA solution. CHO Flp-In 

cells were transfected by the use of the pcDNA5-FRT  expression vector. For 

transfection, Lipofectamine 2000 was used as descri bed by the manufacturer. 

Cells stably expressing the receptor constructs wer e selected 2 days after 

transfection by culturing in the presence of 500 µg /ml hygromycin. Cells from 

passages 3 to 20 of the isogenic CHO Flp-In cells w ere used for further 

experiments. 
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Tab. 2 List of media and reagents 

Reagent name Composition/description 

Complete medium with 

hygromycin 

Ham‘s F-12 

10% FBS 

2 mM L-glutamine 

500 mg/l Hygromycin 

Complete medium w/o 

hygromycin 

Ham‘s F-12 

10% FBS 

2 mM L-glutamine 

Phosphate-buffered saline 137 mM NaCl 

2.7 mM KCl 

10 mM Na2HPO4 

1.8 mM KH 2PO4 

Trypsin-EDTA 0,5% 0.5 g/L of trypsin (1:250) 

0.2 g/L EDTA 

Opti-MEM I reduced serum medium 

Lipofectamine 2000 reagent Lipid-based transfection  mechanism 

Hank’s balanced salt solution with Ca 2+ (CaCl2, MgCl 2) 

Bright-Glo luciferase assay 

solution a 

100 ml Bright-Glo luciferase assay buffer 

1 vial Bright-Glo luciferase assay substrate 

2-MeSADPb 2-methylthioadenosine-5’-diphosphate 

diluted to 5 mM aliquots  

Forskolin b 10 mM diluted in ethanol and DMSO 

Triton X-100 b 0.2 mM 

All media and reagents were used as purchased from manufacturers: Invitrogen 

(Karlsruhe, Germany), aPromega (Mannheim, Germany), bSigma (Deisenhofen, 

Germany) except of complete media, which were mixed  in our laboratory. 

3.3 Receptor expression evaluation 

Use of pcDNA5/FRT/V5-His-TOPO vector and fluorescei n isothiocyanate 

(FITC)-coupled monoclonal antibody allowed immunofl uorescence staining of 

receptor at cell membrane. The receptor was previou sly fused with V5 epitope at 
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its C-terminus during the translation. Anti-V5-FITC  antibody (Invitrogen) then 

binds to this 14 amino acids epitope and, because i t is conjugated with the 

fluorescein isothiocyanate dye, optical detection u pon excitation is possible. 

Addition of expression levels were quantified by fl uorescence microscopy on the 

Observer Z1 microscope equipped with an oil immersi on 40x objective and laser 

scanning unit LSM 700 from Zeiss (Jena, Germany). L aser emitting at 488 nm 

was used for FITC excitation and emission signal ab ove 492 nm divided by a 

beam splitter was collected. 

3.4 Receptor expression evaluation protocol 

Cells were seeded in a six-well tissue culture plat e with round sterile cover 

slip inside. Firstly, one drop of a cell suspension  was transferred onto each 

cover slip. Cells were then placed in incubator for  at least 20 minutes, so they 

could attach to the glass surface. Finally, 2 ml of  F-12 medium with hygromycin 

was slowly added into each well and incubated for 3  days. On the third day, this 

analysis protocol was followed: 

1. Remove the medium and wash cells with 2 ml of PB S for 2 minutes twice. 

2. Fix the cells by adding 2 ml of room temperature , 100% methanol.  

3. Incubate for 5 minutes at room temperature. Do n ot exceed 5 minutes. 

4. After incubation, wash cells 2 x 2 minutes with PBS (2ml/wash). 

5. Add 2 ml of blocking solution (PBS containing 10 % fetal bovine serum 

(FBS)) and incubate for 20 minutes at room temperat ure to reduce non-

specific binding of antibody. 

6. Remove the blocking solution and add 225 µl of P BS/10% FBS containing 

the appropriate FITC-conjugated antibody (1:500 dil ution of antibody). 

Incubate for 1 hour at room temperature in the dark  box with high 

humidity, so the evaporation of antibody solution i s avoided. 

7. Wash cells 2 x 5 minutes with PBS and observe ce lls with a fluorescence 

microscope equipped with a FITC filter (or appropri ate filter). 

(modified from Invitrogen, Fluorescein isothiocyana te (FITC) - conjugated 

antibodies manual) 
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3.5 Cell passaging 

1. When cells are ~80-90% confluent, remove all med ium from the flask. 

2. Wash cells once with 10 ml PBS to remove excess medium and serum. 

Serum contains inhibitors of trypsin. 

3. Add 1,5 ml of trypsin solution dropwise to the m onolayer and incubate 

approximately 3 minutes in incubator. 

4. In the meantime, prepare an empty 75 cm 2 flask with 10 ml of fresh 

medium containing hygromycin. 

5. Check the cells under a microscope and confirm t hat the cells start to 

detach. 

6. Remove the trypsine solution. 

7. Use 2 ml of medium to wash off the cells from fl ask wall. 

8. Transfer 10% of cell suspension to the prepared flask. 

9. Incubate the flask in a humidified, 37°C, 5% CO 2 incubator. 

(modified from Invitrogen, Growth and Maintenance o f Flp-In™ Cell Lines) 

3.6  Transient cell transfection 

3.6.1 Transfection overview 

The mechanism of cationic lipid-mediated transfecti on originates with the 

basic structure of cationic lipids, a positively ch arged head group and one or two 

hydrocarbon chains. The positive surface charge of the liposomes mediates the 

interaction of the nucleic acid and the cell membra ne, allowing for fusion of the 

liposome/nucleic acid (“transfection complex”) with  the negatively charged cell 

membrane. The transfection complex is thought to en ter the cell through 

endocytosis.  Once inside the cell, the complex mus t escape the endosomal 

pathway and diffuse through the cytoplasm. 

To form cationic complexes with the vector DNA Lipo fectamine™ 2000 from 

Invitrogen company has been used. For the best resu lts it is recommended to 

tranfect cells at 80-90% confluency. Antibiotics sh ould not be added to the 

medium during transfection as this reduces transfec tion efficiency and causes 

cell death. The Opti-MEM® I Reduced Serum medium fr om the same company 
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has been used to dilute Lipofectamine™ 2000 and DNA  prior to complex 

formation. Suggested reagent amounts and volumes we re used as stated in 

company manual. 

(Invitrogen, Cotransfecting Plasmid DNA and RNAi in to Mammalian Cells Using 

Lipofectamine™ 2000) 

3.6.2 Transfection protocol 

1. One day before transfection, passage the cells t o 75 cm 2 flask containing 

growth medium without hygromycine (use approx. 50% of cell suspension 

as mentioned in cell passaging section). 

2. Prepare two 15 ml conical tubes as well as SRE-L uc (or CRE-Luc) vector 

solution and Lipofectamine 2000 solution. 

3. Pipet volume equal to 10 µg of DNA of vector sol ution to the first tube and 

25 µl of Lipofectamine 2000 to the second one. 

4. Dilute both solutions with 0.5 ml of Opti-MEM me dium. Mix gently. 

Incubate for 5 minutes at room temperature. 

5. After the 5 minute incubation, combine the dilut ed DNA with diluted 

Lipofectamine™ 2000 (total volume = 1 ml). Mix gent ly and incubate for 20 

minutes at room temperature. 

6. Add the 1 ml of complexes to the flask containin g cells and hygromycin 

free medium. Mix gently by rocking the flask back a nd forth. 

7. Incubate cells at 37°C in a CO 2 incubator for 18 hours. 

(modified from Invitrogen, Lipofectamine™ 2000) 

3.7 Cell seeding 

1. 18 hours after transfection, remove all medium f rom the flask. 

2. Wash cells once with 10 ml PBS to remove excess medium and serum. 

Serum contains inhibitors of trypsin. 

3. Add 1,5 ml of trypsin solution dropwise to the m onolayer and incubate 

approximately 3 minutes in incubator. 

4. In the meantime, prepare a 50 ml conical tube wi th 12 ml of fresh 

hygromycin free medium. 
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5. Check the cells under a microscope and confirm t hat the cells start to 

detach. 

6. Remove the trypsine solution. 

7. Use 2 ml of medium to wash off the cells from fl ask wall. 

8. Transfer 1 ml of cell suspension to the prepared  tube and mix gently. 

9. Seed the cells to 24-well plate in two steps. 

10. In the first step use 0.3 ml a well, in the sec ond use 0.2 ml a well. This 

makes a total volume of 0.5 ml of cell suspension i n each well. 

11. Shake gently so the cells spread equally and in cubate at 37°C in a CO 2 

incubator for 24 hours. 

3.8 Luciferase assay 

3.8.1 Luciferase assay description 

Transcriptional regulation, coupled to the expressi on of a reporter gene, is 

routinely used to study a wide range of physiologic al events. A common 

example is the analysis of receptor function by qua ntifying the action of specific 

receptor response elements on gene expression. Othe r examples include the 

study of signal transduction, transcription factors , protein-protein interactions, 

and viral infection and propagation. Events downstr eam of transcription, such as 

mRNA processing and protein folding, also can be an alyzed. Luciferase is a 

popular choice as a reporter for these applications  because functional enzyme is 

created immediately upon translation, and the assay  is rapid, reliable and easy to 

perform. Furthermore, analysis using luciferase as the genetic reporter is well 

suited to laboratory automation and highthroughput applications. For these 

reasons, luciferase is widely used in the biotechno logy and pharmaceutical 

industries. 

3.8.2 Firefly luciferase 

The popularity of native firefly luciferase as a ge netic reporter is due to the 

sensitivity and convenience of the enzyme assay and  tight coupling of protein 

synthesis with enzyme activity. Firefly luciferase,  which is encoded by the luc 

gene, is a simple protein that does not require any  post-translational 

modifications; it is available as a mature enzyme d irectly upon translation of its 

mRNA. Catalytic competence is attained immediately after release from the 
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ribosome. Also, luciferase has a very short half-li fe in cells (approximately 3 

hours). Combined, these properties make luciferase an extremely responsive 

reporter, far more so than other commonly used repo rters. 

(Promega, Bioluminescent reporters guide) 

Luciferase protein itself is a 61 kDa monomer that catalyzes the mono-

oxygenation of beetle luciferin (Figure 2). Beetle luciferin is a relatively stable 

molecule found only in luminous beetles (which incl udes fireflies). The enzyme 

uses ATP as a cofactor, although most of the energy  for photon production 

comes from molecular oxygen. The quantum yield is a bout 0.9, the highest of 

any known luminescent reaction. The gene encoding f irefly luciferase (luc) is a 

cDNA clone that has been incorporated into a number  of reporter vectors. 
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COOH N
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OO

+ ATP + O2

firefly luciferase

+ AMP + PPi + CO2 + lightMg2+
 

Fig. 4. The luciferase reaction (redrawn from Brigh t-Glo Luciferase Assay System 

manual)  

Mono-oxygenation of luciferin is catalyzed by lucif erase in the presence of Mg 2+, 

ATP and molecular oxygen. Generated chemiluminescen t signal can be further 

quantified. 

(Promega, Bright-Glo™ Luciferase Assay System) 

3.8.3 pCRE-Luc vector description 

pCRE-Luc is designed to monitor the activation of c AMP binding protein 

(CREB) and cAMP-mediated signal transduction pathwa ys. Several signal 

transduction pathways are associated with the cAMP response element (CRE), 

including Jun N-terminal kinase (JNK), p38, and pro tein kinase A (PKA). 

Induction of these pathways enables endogenous tran scription factors, such as 

CREB or ATF, to bind CRE. pCRE-Luc contains the fir efly luciferase (luc) gene 

from Photinus pyralis. This vector also contains tw o copies of the CRE-binding 

sequence fused to a TATA-like promoter ( PTAL) region from the Herpes simplex 

virus thymidine kinase (HSV-TK) promoter. After tra nscription factors bind CRE, 

transcription is induced and the reporter gene is a ctivated.  

The luciferase coding sequence is followed by the S V40 late 

polyadenylation signal to ensure proper, efficient processing of the luc transcript 

in eukaryotic cells. Located upstream of CRE is a s ynthetic transcription blocker 
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(TB), which is composed of adjacent polyadenylation  and transcription pause 

sites for reducing background transcription. The ve ctor backbone also contains 

an f1 origin for single-stranded DNA production, a pUC origin of replication, and 

an ampicillin resistance gene for propagation and s election in E. coli . 

(Clontech, pSRE-Luc Vector information brochure) 

 

Fig. 5 Restriction map of pCRE-Luc Vector (Clontech , pSRE-Luc Vector 

information brochure) 

CRE - serum response element, P tal - TATA-like promoter, Luc - Firefly luciferase 

gene sequence, SV40 - late mRNA polyadenylation sig nal from Simian virus 40, 

pUC ori, f1 ori - single strand DNA origins of repl ication, Amp r - ampicilin 

resistance gene sequence, TB - transcription blocke r, Bgl II, Hind III, Sph I - 

recognition sites of bacterial restriction enzymes 

3.8.4 Luciferase assay protocol using CRE 

1. Incubate sufficient amount of HBSS at 37°C 

2. Prepare the dilution row of 2-MeSADP from 5 mM s tock solution. It is 

necessary to work on ice because of the 2-MeSADP in stability. Prepared 

concentrations have to be 10-fold higher. In the fo llowing steps 2-

MeSADP will be further diluted in 1:10 ratio. 

3. Dilute 10 mM forskolin stock solution with pre-i ncubated HBSS to 10µM 

concentration, always incubate at 37°C (risk of cry stallization due to 

decreased solubility in water) 
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4. Take 24-well plate containing cells out of the i ncubator; remove the 

medium by soaking it into prepared paper tissue. 

5. Pipet 400 µl of pre-incubated HBSS to each well,  rock gently and remove 

the buffer as in the previous step. 

6. Pipet 800 µl of HBSS to each well. 

7. Add 100 µl of 2-MeSADP to each well except of 6 control wells, which 

contain only buffer (or buffer and forskolin). Shak e the plate. 

8. Pipet 100 µl of forskolin to 22 wells with multi -pipet (4 controls w/o 2-

MeSADP included). Shake the plate again. 

9. Incubate the plate for 3.5 hours. 

10. After the incubation period, take the plate out  of the incubator and remove 

all the reagents by soaking it into prepared tissue . 

11. Pipet 50 µl of HBSS to each well and then add 5 0 µl of Bright-Glo™ 

Reagent solution pre-incubated at room temperature.  

12. Start the timer. 

13. Rock the plate gently to ensure that reagents a re mixed equally. 

14. Incubate the plate in dark place for three minu tes. 

15. Quickly transfer 90 µl of solution from each we ll to 96-well measuring 

plate. 

16. Measure the luminescence with pre-programmed lu minometer. 

 

3.8.5 pSRE-Luc vector description 

pSRE-Luc is designed for monitoring the induction o f the serum response 

element (SRE) and the mitogen-activated protein (MA P) kinase signal 

transduction pathway. pSRE-Luc contains firefly luc iferase (luc) gene from 

Photinus pyralis. This vector also contains multipl e copies of SRE fused to a 

TATA-like promoter (P TAL) region derived from the Herpes simplex thymidine 

kinase (HSV-TK) promoter. After transcription facto rs bind SRE, transcription is 

induced and the reporter gene is activated. 

The luciferase coding sequence is followed by the S V40 late 

polyadenylation signal to ensure proper, efficient processing of the luc transcript 
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in eukaryotic cells. Located upstream of SRE is a s ynthetic transcription blocker 

(TB), which is composed of adjacent polyadenylation  and transcription pause 

sites for reducing background transcription. The ve ctor backbone also contains 

an f1 origin for single-stranded DNA production, a pUC origin of replication, and 

an ampicillin resistance gene for propagation and s election in E. coli. (Clontech, 

pSRE-Luc Vector information brochure) 

 

Fig. 6. Restriction map of pSRE-Luc Vector (Clontec h, pSRE-Luc Vector 

information brochure) 

SRE - serum response element, P tal - TATA-like promoter, Luc -  Firefly luciferase 

gene sequence, SV40 - late mRNA polyadenylation sig nal from Simian virus 40, 

pUC ori, f1 ori - single strand DNA origins of repl ication, Amp r - ampicilin 

resistance gene sequence, TB - transcription blocke r, Bgl II, Hind III, Sph I - 

recognition sites of bacterial restriction enzymes . 

3.8.6 Luciferase assay protocol using SRE 

1. Incubate sufficient amount of HBSS at 37°C 

2. Prepare the dilution row of 2-MeSADP from 5 mM s tock solution. It is 

necessary to work on ice because of the 2-MeSADP in stability. Prepared 

concentrations have to be 10-fold higher. In the fo llowing steps 2-

MeSADP will be further diluted in 1:10 ratio. 

3. Take 24-well plate containing cells out of the i ncubator; remove the 

medium by soaking it into prepared paper tissue. 
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4. Pipet 400 µl of pre-incubated HBSS to each well,  rock gently and remove 

the buffer as in the previous step. 

5. Pipet 900 µl of HBSS to each well. 

6. Add 100 µl of 2-MeSADP to each well except of 6 control wells, which 

contain only buffer. Shake the plate. 

7. Incubate the plate for 4 hours. 

8. After the incubation period, take the plate out of the incubator and remove 

all the reagents by soaking it into prepared tissue . 

9. Pipet 50 µl of HBSS to each well and then add 50  µl of Bright-Glo™ 

Reagent solution pre-incubated at room temperature.  

10. Start the timer. 

11. Rock the plate gently to ensure that reagents a re mixed equally. 

12. Incubate the plate in dark place for three minu tes. 

13. Quickly transfer 90 µl of solution from each we ll to 96-well measuring 

plate. 

14. Measure the luminescence with pre-programmed lu minometer. 

3.9 Data analysis and statistics 

Results are presented as means ± S.E. (shown as vertical error bars) from n 

experiments. Differences between means were tested for significance by 

analysis of variance followed by the Bonferroni pos t-test (Prism 4.03, Graph Pad, 

San Diego, CA). P values smaller than 0.01 are indi cated as **. Concentration–

response data were fitted by non-linear regression to estimate IC 50 values 

(concentrations causing half-maximal inhibition in CRE-dependent luciferase 

expression) and EC 50 values (concentrations causing half-maximal increas es in 

SRE-dependent luciferase-expression) for 2-methylth io-ADP. 
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4. Results 

4.1 Receptor expression 

CHO Flp-In cells were stained with FITC conjugated antibody against V5 

epitope in order to evaluate expression of human P2 Y12 receptor wild-type, 

K173A, K174A and K173A/K174A mutants. Two cover sli ps samples of each 

construct were observed. Images showing area of 160  µm x 160 µm were 

acquired by laser scanning confocal microscopy tech nique. Four representative 

microphotographs were selected from larger collecti on made during the 

observation. Signal intensity at the cell membrane clearly shows that all 

mentioned receptors proteins are sufficiently expre ssed. 

Fig. 7. Microphotographs of CHO Flp-In cell expressing huma n P2Y12 wild-type 

(A), K173A (B), K174A (C) and K173A/K174A (D) doubl e mutant variant.  

A 

B A 

D C 
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4.2 Luciferase assay using CRE 

Luciferase reporter gene assays as described above (see section 3. Method 

and materials) following the standard protocol were  performed on four different 

CHO Flp-In cell lines stably expressing either wild  type receptor or its mutant 

constructs, K173A, K174A and K173A/K174A. Concentra tions of 0.01 , 0.1 nM, 1 

nM, 10 nM, 100 nM and 1 µM of 2-MeSADP were used to  activate the receptor and 

forskolin (1 µM) was added to stimulate cAMP accumu lation. Cells were 

incubated with 2-MeSADP and forskolin cells for 3.5  hours in 5 % CO 2 and 37°C. 

Data obtained by this method served for IC 50 calculation.As shown in Fig. 8 2-

MeSADP inhibited the forskolin-induced expression o f luciferase with a half 

maximal inhibitory concentration amounting to 1.23 nM. 
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Fig. 8. 2-Methylthio-ADP (2-MeSADP)-induced inhibit ion of CRE-directed 

luciferease expression (stimulated by forskolin) in  CHO cells expressing wild 

type receptors.  

Relative light units (RLU) were measured to estimat e changes in the cAMP 

response element (CRE)-dependent expression of luci ferase. The values are 

expressed as percentages of those values determined  in respective experiments 

with forskolin 1 µM, but without 2-methylthio-ADP. RLU were determined after an 

incubation period of 3.5 h. All values are means ± S.E. of 6-8 measurements.  **p < 

0.01, significant differences vs. respective contro l.  

 

Fig. 9 shows responses to 2-MeSADP in cells express ing a modified 

receptor construct, where basic lysine amino acid r esidue in was replaced by 
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neutral alanine in position 173. 2-MeSADP inhibited  the forskolin-stimulated 

expression of luciferase with an IC 50 value of 2.03. 
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Fig. 9. 2-Methylthio-ADP-induced inhibition of CRE- directed luciferease 

expression (stimulated by forskolin) in CHO cells e xpressing K173A mutant 

receptor constructs. For further details see legend  to Fig. 8. 

Fig. 10 shows the inhibition curve obtained in cell s expressing a receptor with 

lysine to alanine substitution in position 174. The  respective IC 50 of 2-MeSADP 

reached a value of 3.26 nM. 
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Fig. 10. 2-Methylthio-ADP-induced inhibition of CRE -directed luciferease 

expression (stimulated by forskolin) in CHO cells e xpressing K174A mutant 

receptor constructs. For further details see legend  to Fig. 8. 
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Finally, Fig. 11 in this section summarizes experim ents performed on cells 

expressing a construct, where both lysines in 173 a nd 174 positons were 

replaced by alanine amino acid residues. The half m aximal inhibitory 

concentration of 2-MeSADP amounted to 3.13 nM. 
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Fig. 11. 2-methylthio-ADP-induced inhibition of CRE -directed luciferease 

expression (stimulated by forskolin) in CHO cells e xpressing K173A/K174A 

double mutant receptor constructs. For further deta ils see legend to Fig. 8. 

4.3 Luciferase assay using SRE 

For further characterization of the receptor functi on, luciferase reporter 

gene assays were performed in two different CHO Flp -In cell lines stably 

expressing K173A and K174A mutant constructs transi ently transfected with 

pSRE-Luc vector. Increasing concentrations ranging from 0.1 nM to 300 nM of 2-

MeSADP were used for the first construct and 2-MeSA DP in the range of 1 nM to 

300 nM for the second one. Data obtained by this me thod were used for EC 50 

calculation. Values are expressed as percentages of  those determined in control 

cells treated with buffer only. 

Fig. 12 visualizes the concentration-response curve  of 2-MeSADP in cells 

expressing the K173A construct. Cells were incubate d with 0.1 nM, 1 nM, 3 nM, 

10 nM, 30 nM, 100 nM and 300 nM of 2-MeSADP for 4 h ours and then SRE-

dependent increases in luciferase expression were a nalyzed. A half maximal 

effective concentration of 1.30 nM was determined f or 2-MeSADP. 
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Fig. 12. 2-Methylthio-ADP-induced increases in SRE- directed luciferase 

expression in CHO cell expressing K173A mutant rece ptor constructs. 

All values are means ± S.E. of 6-24 measurements ex pressed as percentages of 

those determined in experiments without 2-MeSADP sh owing basal cell activity 

(% of control, con).  **p < 0.01, significant differences vs. respective control 

Fig. 13 shows experiments performed on cell line ex pressing K174A 

construct. Cells were incubated with 2-MeSADP added  at concentrations of 1 nM, 

3 nM, 10 nM, 30 nM, 100 nM and 300 nM for 4 hours. 2.46 nM was sufficient to 

elicit 50% of the maximal response to the agonist. 
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Fig. 13. 2-Methylthio-ADP-induced increases in SRE- directed luciferase 

expression in CHO cell expressing K174A mutant rece ptor construct. 
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All values are means ± S.E. of 12-24 measurements e xpressed as percentages of 

those determined in experiments without 2-MeSADP sh owing basal cell activity 

(% of control, con).  **p < 0.01, significant differences vs. respective control 

4.4 Table of results 

Table 3 sums up the half maximal inhibitory concent rations of 2-MeSADP 

inhibiting the CRE-dependent expression of lucifera se in the first column. In the 

second column, half maximal effective concentration s of 2-MeSADP increasing 

the SRE-dependent expression of luciferase are list ed (determined at two mutant 

constructs). Cells expressing double mutant constru cts and wild-type receptors 

weren’t examined by means of SRE-dependent lucifera se production. Third 

column shows basal levels of CRE-controlled express ion of luciferase in control 

cells incubated only with buffer compared to cells treated with forskolin, but 

without 2-MeSADP. 

Tab. 3 Summary of obtained values 

Construct IC 50(CRE) [M] EC 50 (SRE) [M] control vs. forskolin  

K173A 2.08·10-9 1.30·10-9 23% 

K174A 3.26·10-9 2.46·10-9 20% 

K173A/K174A 3.13·10 -9  92% 

WT 1.23·10-9  57% 

Half maximal inhibitory concentrations (IC 50) values of 2-MeSADP inhibiting the 

forskolin-induced increases in cAMP-directed lucife rase expression and half 

maximal effective concentrations of 2-MeSADP-induce d increases in SRE-

directed luciferase expression were calculated with  GraphPad 4.03 software from 

concentration-response curves. RLU values n control  cells reflecting the basal 

levels of expression of luciferase were compared to  the values obtained in 

forskolin-stimulated cells. 
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5. Discussion 

Long before cloned by Hollopeter et. al (2001), the  human platelet P2Y 12 

receptor, a keystone in platelet aggregation, has b een therapeutically blocked by 

its antagonists, such as the active metabolites of ticlopidine and clopidogrel. In 

patients prone to pathological platelet aggregation , receptor blockage has vast 

implications for treatment of many common lifestyle  diseases mostly connected 

with thromboembolism. Risk of developing myocardial  infarction or stroke can 

be significantly decreased. Therefore the search fo r more reliable substances, 

especially with better pharmacokinetic profiles, co ntinues. To fully understand 

drug-receptor interaction, research on receptor pro tein itself is crucial.  

The structure of platelet P2Y receptors has been mo deled, based on a 

rhodopsin template, to explain the basis for nucleo tide recognition within the 

putative transmembrane binding sites (Jacobson et a l., 2005). Typical structure 

of GPCR  with 7 transmembrane regions and 3 extrace llular loops suggests 

involvement of some regions in ligand recognition. Several homology modeling 

and site-directed mutagenesis studies have been und ertaken in order to clarify 

molecular structure of these regions. Most importan tly, basic amino acid 

residues in TMs 6 and 7 are likely involved in inte raction with the negatively 

charged phosphate groups of nucleotide ligands (von  Kügelgen & Harden, 2011). 

Study by Hoffmann et al. (2008) points out the role  of Arg256, Tyr259 and H253 

(TM6) as well as Lys280 (TM7) in the receptor funct ion. In addition to these 

findings, three-dimensional models indicate proximi ty of Lys174 (EL2) and 

Arg256 (EL3) to the binding pocket. Cattaneo at al.  (2003) described patient 

suffering from bleeding disorder based on R256W mut ation. Mao et al. (2010) 

confirmed importance of this residue by site-direct ed mutagenesis, stating that 

Arg265 is more important for antagonist recognition  than effect on agonist 

mediated receptor function. Another mutation, predi cting K174E substitution 

was associated with decreased ligand binding to the  receptor, suggesting 

responsibility for disruption of the ADP binding si te of the receptor (Cattaneo, 

2011). 

Regarding my work, I had an opportunity to investig ate some of the 

properties of protein constructs, where basic resid ues Lys173 and Lys174 were 

substituted by neutral alanine. Chinese hamster ova ry cells were stably 

transfected with vectors encoding for K173A, K174A and K173A/K174A double 

mutant protein. The reason for replacing two neighb oring residues at once was 
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the assumption that if only one residue was replace d, the other one could leave 

overall positive charge in this particular spot of binding pocket unchanged. This 

situation could be possibly avoided by substitution  of both lysines. For 

comparison, cells expressing wild-type receptor wer e also produced. First step 

was to confirm sufficient expression of all constru cts at the cell membrane. 

FITC- conjugated antibody against V5 epitope visual ized receptors expression 

levels, which were at least as high as wild-type le vels.  

Then I proceeded to reporter gene assays to charact erize agonist potency 

of 2-methylthio-ADP. Previously published literatur e provides information, that in 

cells expressing wildtype receptors, 2-methylthio-A DP (1 nM to 1 mM) caused 

inhibition of the forskolin stimulated cAMP product ion with IC 50 value of about 

1.4 nM. It also increased the SRE-dependent lucifer ase expression with an EC 50 

concentration of 3.5 nM 2-methylthio-ADP (0,1 nM to  0,1 mM) (Hoffmann, 2008). 

In my experiments, wild-type receptors were examine d by means of the 2-

methylthio-ADP-induced inhibition of cAMP response element (CRE)-dependent 

expression of luciferase as a measure of changes in  cellular cAMP 

concentrations. The respective IC 50 value amounted to 1.23 nM. In cells 

expressing the K173A, K174A and K173A/K174A  constructs, IC 50 concentrations 

amounted to 2.08·nM, 3.26·nM and 3.13 nM, respectiv ely. Experiments analyzing 

effects of 2-methylthio-ADP on the  SRE-directed luciferase expression revealed 

EC50 values of 1.30 nM and 2.46 nM for the K173A and K1 74A constructs, 

respectively. I wasn’t able to measure response of the double mutant by the 

same method , because it would require larger time frame. Nevertheless, all 

measured data shows no significant difference betwe en constructs and all IC 50 

and EC 50 values are within the range of wild-type receptor.  This leads to the 

conclusion that neither Lys173 nor Lys174 is direct ly involved in the activation 

process of the human P2Y 12 receptor in response to 2-methylthio-ADP.  

Although my data show that none of the mutations ha s impaired the agonist 

recognition, some questions still remain to be clar ified. Ongoing experiments 

should study the interaction with a broad range of available antagonists, which 

might lead to promising findings. Regarding the fac ts published by Cattaneo et 

al. (2011), it would be interesting to examine the pharmacological properties of 

K174E construct as well.  
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6. Conclusion 

The major aim of this diploma paper was to analyze a possible role of two 

lysine amino acid residues closely positioned to th e binding pocket of human 

P2Y12 receptor in agonist recognition. Facts form litera ture retrieval served as 

information background. 

Firstly, confirmation the receptor expression at th e cell membrane was 

necessary. Wild-type, K173A, K174A and K173A/K174A constructs were stained 

with immunofluorescent antibody and visualized by l aser scanning confocal 

microscopy. Subsequently, these constructs were cha racterized by means of 2-

MeSADP induced changed in serum response element or  cAMP response 

element linked to the luciferase gene expression. 

Neither of mutant hP2Y 12 receptor constructs showed different responses 

to the agonist 2-methylthio-ADP when compared to th e respective responses 

observed at wild-type receptors. 
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7. Abbreviations 

2-MeSADP 2-methylthioadenosine-5’-diphosphate 

AC adenylyl cyclase 

ADP adenosine 5’-diphosphate 

ANOVA analysis of variance 

AP-1 activator protein 1 

Bgl II recognition site of Bacillus globigii restri ction enzyme 

ATP adenosine 5’-triphosphate 

C194A cysteine in position 194 by alanine  

cAMP cyclic adenosine monophosphate 

CHO cells Chinese hamster ovary cells 

DMSO dimethyl sulfoxide 

CRE cAMP response element 

DRY aspartic acid-arginine-tyrosine 

EC50 half maximal effective concentration 

EDTA ethylendiaminetetraacetic acid 

EMA European medicines agency 

FBS fetal bovine serum 

FITC flourescein isothiocyanate 

GPCR G protein-coupled receptor 

HBSS Hank’s balanced salt solution 

Hind III recognition site of Haemophilus influenzae  restriction enzyme 

hP2Y12 human P2 purine receptor subtype 12 

IC50 half maximal inhibitory concentration 

IP3 inositol triphosphate 

K173A lysine in position 173 substituted by alanine  

K174A lysine in position 174 substituted by alanine  
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MAP mitogen-activated protein 

NFAT-RE nuclear factor of activated T-cells respons e element 

PBS phosphate buffered saline 

PCI percutaneous coronary intervention 

PLC phospholipase C 

RLU relative light units 

S.E. standard error 

Sph I  recognition site of Streptomyces phaeochromo genes 

restriction enzyme 

SRE serum response element 

TM transmembrane region 

TXA2 thromboxane A2 

UDP uridine 5’-diphosphate 

UTP uridine 5’-triphosphate 

WT wild-type receptor 
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