
Historical milestones 

1901, Langley and Dale: idea of a “receptive substance” on reactive cells 

 

Beginning ‘900, Ariens, Furchgott, Schild, Blake: studies on animal models, isolated 

organs and tissues to investigate the crc of neurotransmitters, peptides, and drugs.  

 

The target for most of these molecules later turned up to be GPCRs. 

 

Definitions of agonist, antagonist, affinity, efficacy, potency, etc 

 

Developed of methods to analyze dose response curves 

 

1970s: Radioligand binding studies 



receptors as concepts 



Single representative experiment of the concentration-

response curve to N/OFQ 
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receptors as concepts 



receptors as concepts 



receptors as concepts (in vivo) 



1950-’60, Sutherland: discovery of cAMP   

1968, Krebbs: discovery of protein kinase A 

1971, Rodbell: proposed the existence of guanine nucleotide regulatory protein that serves as a transducer 

between hormone receptors and adenylyl ciclase 

1971, Gilman: demonstrated the existence of that protein, purified the  protein and named it Gs 

G Proteins: Transducers of Receptor-

Generated Signals 

A G Gilman 

Annual Review of Biochemistry, July 1987, 

Vol. 56, Pages 615-649 

(doi: 10.1146/annurev.bi.56.070187.003151)  

’60 - ’70: elements of the signaling cascade 



1979, Lefkowitz : β2-adrenoceptor purification  

’80 - ’90: molecular era of receptor research 



1982, Lefkowitz & Merck’s researchers: β2-adrenoceptor cloning → homology to bovine 

rhodopsin sequence → speculation on the presence of a large genetic family of such receptors  

GPCR  -  7TM 

This concept was confirmed when other GPCR were cloned: AChR, 5-HTR (Hall, 1987) and 

sub. K receptor (Masu, 1987) 

Cloning of the gene and cDNA for mammalian        -adrenergic 

receptor and homology with rhodopsin 
Richard A. F. Dixon*, Brian K. Kobilka†, David J. Strader‡, Jeffrey L. Benovic†, Henrik G. Dohlman†, 

Thomas Frielle†, Mark A. Bolanowski†, Carl D. Bennett§, Elaine Rands*, Ronald E. Diehl*, Richard 

A. Mumford‡, Eve E. Slater‡, Irving S. Sigal*, Marc G. Caron†, Robert J. Lefkowitz† & Catherine D. 

Strader‡ 



1990s mutagenesis studies to understand structural features that determine receptor function 

 

 ligand binding domain and intracellular domain interacting with G proteins were determined 

1992, Cotecchia discovery of constitutively activated mutant receptors 

1989, Costa and Herz: discovery of the phenomenon of inverse agonism and hypothesis of 

receptor constitutive activity 

→ nucleic acid-based homology screening approaches could be applied to found new GPCRs 

 

’90s: orphan receptors and reverse pharmacology 

 

2001: elucidation of human genome improved reverse pharmacology 



7TM receptors evolution tree 



 The first successful example of 

reverse pharmacology 

Opioid receptor-like 1 (NOP) 

GPCR 

 High structural homology with  

     classical opioid receptors  

 No affinity for opioid ligands 

1994: Cloning of an  

        opioid like receptor 

 

Mollereau et al., 1994 
 
Wang et al., 1994 
 
Fukuda et al., 1994 
 
Bunzow et al., 1994 
 
Nishi et al., 1994 

1992-93: Cloning of classical  

           opioid receptors sequences 

 

Evans et al., 1992 

Cheng et al., 1993 

Yasuda et al., 1993 

 

 

Nociceptin/Orphanin FQ (N/OFQ) 

FGGFTGARKSARKLANQ 

High structural homology with  dynorphin A  

 No affinity for opioid receptors 

1995: identification  

        of the natural ligand 

 

Meunier et al., Nature, 1995 

Reinschied et al., Science, 1995 



FLIPR (↑ Ca2+) 

To direct the signaling via PLC the receptors are expressed in cells in the presence 

of a cocktail of G protein (Gq15/16 ; chimeric protein Gqi and Gqs) 
 

Ex: UT, NPSR 

GPCR can be expressed in yeast. The receptor activation is linked to the 

expression of a reporter gene (β-galactosidase)  

 

Ex: GPR119 - oleylethanolamide 

GPCR can be expressed in Xenopus cells. If the receptor coupled with Gs or 

Gq its activation causes a darkening of the cell; If the receptor coupled with Gi its 

activation causes a lightening of the cell  

 
Ex: GPRC6A – L-aminoacids with preference for basic Aa 

DEORPHANIZATION STRATEGIES 



REVERSE PHARMACOLOGY PRODUCTS 

Civelli, 2006 



Deorphanized GPCRs reported to be in drug discovery 

Chung, 2008, BJP 



How do Receptors Work? 



GPCR crystal structure 



Dozens of 

Effectors 

Hundreds of 

Different 

Human 

Receptors 
(largest family  

in human genome) 
 

Signaling 

Mechanism/ 

Molecular 

Recognition 

Thousands of  

Ligands -  

Chemical 

Diversity  

Stevens Lab GPCR Molecular Recognition 

2007-2012  16 unique GPCR Structures 

                   84 Co-ligand GPCR structures 

                    



  GPCR Structure-Function   

Human Cell 

Signaling 









Structural overview of the NOP receptor 



The orthosteric ligand-binding pocket 



C-24 

C-35 Tetra 

Nphe 

SB-612111 

Structure of NOP receptor antagonists 



Molecular docking in the NOP orthosteric-binding pocket 



UFP-101 / NOP receptor 



NOP and classical opioid receptor structures 





Meccanismi di Azione  

non recettoriali 

• Proprieta’ fisico/chimiche 

• Enzimi 

• Trasportatori 

• Pompe 

• etc 

 



Receptor Characterization  

Structure  Operation  

recognition  

transduction  

Ligand affinity  

Potency  

Efficacy  

Transduction 

mechanisms  

AA sequence  

Receptor topography  

The integrated approach towards receptor characterization 



Receptor Class Code 

Code Structural Class 

1.0 Ion-channel receptors  

2.0 7TM - GPCR 

3.0 Enzyme-associated receptors  

4.0 Transcriptional regulator receptors 





GRAC & NC IUPAR 









GPCR sequence/function 





GPCR and G proteins 

β2AR-Gs 













stimulus / response 

stimulus 

GPCR 

effectors 

membrane 



interesting enough… 

Cells expressing α2-adrenoceptors 
 
• ADRENALINE tested in 

presence of PTX or CHX ( or 
, respectively) 
 

• OXYMETAZOLINE tested in 
presence of PTX or CHX ( or 
, respectively) 

















arrestins 

1985 “antigen S” identified as the 48KDa protein regulating light-dependent  

   phosphodiesterase in rods (visual and pineal arrestin) 

1990 “β-arrestin” a protein that regulates β-adrenergic receptor function 

1992 β-arrestin 2, a novel member of the arrestin/ β-arrestin gene family 

1996 β-arrestins act as clathrin adaptors in endocytosis of the β2-adrenergic receptor 

2000 differential affinity of visual arrestin, β-arrestin 1, and 2 for GPCRs delineate 

two major classes of receptors (fast vs slow internalization/recicling GPCR) 

2000 the proliferative and antiapoptotic effects of Substance P are facilitated by 

formation of β-arrestin  dependent scaffolding complex 

1999 β-arrestin dependent formation of β2adrenergic receptor-SRC 

protein kinase complexes  

1987 
functional desensitizaion of the isolated β-adrenergic receptor by the β-

adrenergic receptor kinase: Potential role of an analog of the retinal 

protein arrestin (48-KDa protein) (by Lefkowitz) 



Classical model of how arrestins modulate GPCRs 



arrestins and internalization processes 



Receptor Dimers 

 

GABAB story 
 

 

 



Receptor heterodimerization 









The orthosteric ligand-binding pocket 





Radioligand 

 

H vs I 



Langmuir adsorption isotherm 

Irving Langmuir was interested in quantifying the adsorption of 

molecules to metal filaments for the production of light. 

The same formula 

has been adapted by 

pharmacologists to 

measure ligand/receptor 

association/dissociati

on properties 



binding procedures 

Membranes from cells - 

 tissue extracts 

Intact cells - 

 tissue slice 

Receptor levels (Bmax) 

Ligand affinity (KD/Ki) 

Kinetics of binding (Kon/Koff) 

Receptor localization/distribution 

Receptor internalization (ΔBmax) 

membrane preparation/homegenisation  cells seeding/slice preparation  

incubation with labelled/cold ligand 

filtration/inactivation 

labelled ligand quantification 

visualization of labelled bound ligand quantification of labelled bound ligand 



saturation binding 

Bmax 

KD 

KD 

Bmax receptor levels 

affinity 



onset / offset of receptor ligands 

Time course for the onset of a radioligand onto the receptor 

and the reversal of radioligand binding upon addition of cold 

ligand 

Kon 

Koff 

KD = Koff / Kon 

Useful assay to measure the obtaining of the “steady 

state” 

Receptor + Ligand       Receptor-Ligand complex → ← 

Kon 

Koff 



displacement binding 

competitive non competitive 



Y=Bottom + (Top-Bottom)/(1+10^((LogEC50-X)*HillSlope)) 

X is the logarithm of concentration. Y is the response 

Y starts at Bottom and goes to Top with a sigmoid shape. 

This is identical to the "four parameter logistic equation" 











specificity of 125I[Tyr14]N/OFQ in monkey brain tissues 

0.1 nM 125I[Tyr14]N/OFQ 

Specificity of signal and level of non-specific binding was 

determined by incubation of adjacent sections with 0.1 nM 

labelled N/OFQ in the presence of excess unlabeled N/OFQ 

(1 μm) which abolished specific signal 



NOP receptor distribution/quantification 
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Effects of hU-II in rat aorta strips 



Single representative experiment of the concentration-response 

curve to N/OFQ 

mVD / NOP receptor 
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Single representative experiment of the concentration-response 

curve to endomorphin-1 

Endomorphin-1 from 10 pM to 10 µM 

CHO - Gαqi5 / MOP receptor 



[35S]GTPγS binding as functional assay 



[35S]GTPγS binding as functional assay 

Alpha-2 adrenoceptor mediated stimulation of [35S]GTPγS binding to G-proteins 

in HEK293 cell membranes expressing the mouse α2a/d AR. Membranes were 

incubated for 60 min at room temperature with increasing concentrations of the 

agonists Norepinephrine (■), UK-14304 (), dexmedetomidine (), and clonidine 

(▼•). 































G-protein and arrestin act together in signaling 



the GPCR/transduction model 



functional selectivity and biased agonism 



TRV027 and AT1R  

HEK-293 cells expressing fluorescent-tagged AT1AR 



AT1R agonists biased toward β-arrestin 1 



TRV027 clinical evaluation  



TRV130 and MOP receptor 



mu G-protein biased agonists 

rats 30 minutes after injection 

tail-flick latencies hindpaw incisional pain 52°C hot plate 

gastrointestinal side-effects respiratory depression tests 



TRV130 summary 

bias factor 



Clinical evaluation of TRV130 



Web of efficacy 




