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• ~ 200 functionally known receptors 
• ~ 600 functionally unassigned receptors (orphan) 
• Hundreds of sensory (taste and smell)  and hormone receptors 
• Account for about 60% of all prescription drugs 
• Examples: α and β-Adrenergic Receptor Blockers and Agonists, 
 Serotonin Receptor Blockers and Agonists, 
 Histamine Receptor H1 and H2 Blockers, 
 Opioid Receptor Blockers and Agonists 

G-Protein Coupled Receptors (GPCRs) 
Seven Transmembrane Receptors 



A Brief History of Receptors 

1900 – 1910 Early  Ideas 
  
J.N. Langley (1852-1926) 
    a)  studied  the actions of adrenaline and  antagonistic drug pairs  
         (nicotine, curare) – skeletal muscle 
     (pilocarpine, atropine) – submandibular  gland 
 
    b) “receptive substance” 

 
“So we may suppose that in all cells two constituents at least are to 

be distinguished, a chief substance, which is concerned with the 
chief function of the cell as contraction and secretion, and 
receptive substances which are acted upon by chemical bodies and 
in certain cases by nervous stimuli.  The receptive substance 
affects or is capable of affecting the metabolism of the chief 
substance”  (Journal of Physiology 33, 374-413, 1905) 

 



Early Skepticism 
  
H.H. Dale (1875-1968) 
  
“It is a mere statement of fact to say that the action of adrenaline 

picks out certain such effector-cells and leaves others unaffected; 
it is a simple deduction that the affected cells have a special 
affinity of some kind for adrenaline; but I doubt whether the 
attribution to such cells of “adrenaline-receptors” does more than 
re-state this deduction in another form.”  (Transactions of the 
Faraday Society 39, 319-322, 1943) 

A Brief History of Receptors 



Later Skepticism 
  

 1973  R. Ahlquist  “…This would be true if I were so  

                         presumptuous as to believe that α and β receptors really did  

                         exist.  There are those that think so and even propose to 

                         describe their intimate structure.  To me they are an abstract 

                         concept conceived to explain observed responses of tissues 

                         produced by chemicals of various structure”   

                                                       (Perspect. Biol. Med. 17:119-122, 1973) 
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1970-Present  The Molecular Era 
  
       1970’s       Radioligand Binding  Receptor Regulation 

                                                                         Theories of receptor action 

                                         guanine nucleotide effects,  

                                                                             high & low affinity states 

                    Receptor subtypes 

 

      



Allosteric Regulation of  Receptors by G Proteins 
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Isolation of  Adrenergic Receptors 



Receptor Reconstitution 



Cloning of  Adrenergic Receptors 





Regions of  the Receptor Involved in 
Ligand & G Protein Binding 



Chimeric Receptors 



Constitutively Active Mutant Receptors 



Universal Mechanism of  Receptor Regulation: 
Desensitization 
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Desensitization Involves Receptor Phosphorylation 





The G Protein-Coupled Receptor Kinases 
(GRKs) 

Serine/ Threonine Kinases  
 
3 classes:  
 
GRK1 (Rhodopsin Kinase) 
GRK7 
 
GRK2 (bARK1) 
GRK3 (bARK2) 
 
GRK4 
GRK5 
GRK6 

Kinase 
Domain RH 

Domain 

PH 
Domain 

Gβγ 

Lodowski DT, Pitcher JA, Capel WD, Lefkowitz RJ, Tesmer 
JJ. Science, 2003, 1256-62.  



Something is Missing: 

 Purified βARK (GRK2) loses ability to desensitize        
   isolated β2-AR (Benovic et al ‘85,’86) 

 Abundant retinal protein, “48 K protein” or “S Antigen”   
   works with rhodopsin kinase to deactivate rhodopsin    
   renamed arrestin (Kuhn,  et al ’87)  
 
 “48 K protein” at high concentrations restores ability  
    of βARK to  desensitize  β2-AR – (Benovic et al ’87) 

Discovery of β-arrestins 



 β-arrestin1 cloned – (Lohse et al ’90) 

 β-arrestin2 cloned – (Attramadal et al ’92) 

 S antigen (48 kDa protein) cloned  (Shinohara et al ’87) 

Discovery of β-arrestins 



The Arrestins 
     AKA   Distribution    7MSR 
Arrestin 1   (Visual Arrestin) Retinal rods    Rhodopsin 
β-Arrestin 1   (Arrestin 2)  Ubiquitous    Most 
β-Arrestin 2   (Arrestin 3)  Ubiquitous    Most 
X Arrestin    (Arrestin 4)  Retinal cones  Opsins 

Structure solved by and figure adapted from Han M, Gurevich VV, Vishnivetskiy SA, Sigler 
PB & Schubert C, 2001 Structure, Vol. 9, 869–880. 

Presenter
Presentation Notes
The crystal structure of -arrestin1 is comprises 2 domains of anti-parallel  sheets connected through a 12 residue long hinge region, plus a short -helix on the back of the amino terminal fold. Theses structural attributes being highly conserved among the 4 members of this protein family and unique in comparison to all other known proteins.
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Others Cell survival / 
anti-apoptosis 

 

(?) 

New Signaling Paradigm 

Chemotaxis 
 

Dopaminergic 
behaviors 

Cardiac 
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• A “Biased Agonist” is a ligand which stabilizes a 
particular active conformation of a receptor thus 
stimulating some responses but not others.  Seven 
transmembrane receptor ligands, for example, can be 
biased toward a particular G protein or β-arrestin.  
Mutated receptors can also be biased. 

A1 (biased agonist 1) + R  AR1* (G protein ) 
A2 (biased agonist 2) + R  AR2* (β-arrestin) 

A + R  AR* All Signaling 



A Selective β-arrestin biased ligand at the AT1AR  

ARB 
(Valsartan) 

 [ TRV001 ]  

Full agonist 
(AngII) 

β-arrestin biased ligand 
(TRV120027) 

G-protein Signal (IP1) 
B-arrestin Recruitment (PathHunter) 



AT1aR 

DNA Repair 
PI3K/AKT 
signaling 

MAPK signaling 

Cytoskeleton reorganization/ 
Cellular Adhesion/Communication 

Cell Cycle  
& Development 

A β-arrestin dependent kinase network downstream of  AT1aR  

phosphoproteome Interactome Both 
Phosphorylation 

Regulation 
Interaction with 

β-arrestin 

9748248  

Quantitative, Global Phosphorylation Analysis  
of  β-arrestin mediated Signaling  



A “biased ligand” at the AT1AR signals only through β-
arrestin 

Violin & Lefkowitz, TiPS 2007   

ARB 

G proteins β-arrestin 

Beneficial 
Effects 

↓ blood pressure 

AT1R 

G proteins β-arrestin 

Deleterious 
Effects 
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e.g. cytoprotection ? 

AngII 

G proteins β-arrestin 

Beneficial 
Effects ? 

e.g. cytoprotection ? 

Biased 
Ligand 

Beneficial 
Effects 

↓ blood pressure 



AT1AR TRV120027 β-arrestin  Slows progression of  heart  
   failure in animal  models 
 Lowers blood pressure 
 Increases cardiac performance 
 Antiapoptotic 

 
Mu-opioid receptor desensitization by beta-arrestin-2 determines morphine 

tolerance but not dependence 
 

Bohn LM, Gainetdinov RR, Lin FT, Lefkowitz RJ, Caron MG. 
 

Nature. 2000 Dec 7;408(6813):720-3. 
 
 

Morphine side effects in beta-arrestin 2 knockout mice 
 

Raehal KM, Walker JK, Bohn LM. 
 

J Pharmacol Exp Ther. 2005 Sep;314(3):1195-201.  
 

Selectively engaging β-arrestins at the AT1R reduces blood 
pressure and increases cardiac performance 

 
Violin JD, DeWire SM, Yamashita D., Rominger DH, Nguyen L, Schiller K, Whalen EJ, Gowen M Lark MW 

J Pharmacol Exp Ther 2010; published ahead of print Aug 26, doi:10.1124/jpet.110.173005  
 

β-arrestin2 mediates anti-apoptotic signaling through regulation  
of bad phosphorylation 

 
Ahn S, Kim J, Hara MR, Ren XR, Lefkowitz RJ. 

J Biol Chem. 2009 Jan 26. Mar 27;284(13):8855-65. 

Opioid Receptor --------- G-Protein  Reduced side effects such as   
  constipation, respiratory  
  depression 
 Decreased tolerance 

β-arrestin1 mediates nicotinic acid induced flushing, but not its antilipolytic 
effect 

 
Walters RW, Shukla AK, Kovacs JJ, Violin JD, DeWire SM, Lam CM, Chen JR, Muehlbauer MJ, 

Whalen EJ, Lefkowitz RJ. 
 

J Clin Invest. 2009 May;119(5):1312-21. 

7TMR Example Direction 
of Bias 

Advantage 

Ligands which are biased toward either β-arrestin or  
G-Protein Signaling have Potential Therapeutic Benefit 
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