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Tena-Campos M, Ramon E, Rivera D, Borroto-Escuela DO, Romero-Fernandez W, Fuxe K, Garriga P. (2014). G-protein-coupled
receptors oligomerization: emerging signaling units and new opportunities for drug design. Curr Protein Pept Sci. 15(7):648-58
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OPRD1, ADRB2
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CHRMS5, HRH2,

seven transmembrane receptors using enzyme complementation. Methods Mol Biol 897:181-203. http://www.ncbi.nlm.nih.
gov/pubmed/22674166

5-Hydroxytryptamin

e (Serotonin)

5HT2B

6. Stroth N, Nisob M, Colabufob NA, Perroneb R, Svenningssona P, Lacivitab E, Leopoldo M, (2015). Arylpiperazine Agonists of
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Medicinal Chemistry. 762:221-228. http://www.ncbi.nlm.nih.gov/pubmed/26081758
7. Schmid CL, Streicher JM, Meltzer HY, Bohn LM. (2014). Clozapine acts as an agonist at serotonin 2A receptors to counter
MK-801-induced behaviors through a Barrestin2-independent activation of Akt. Neuropsychopharmacology. 39(8):1902-13.
http://www.ncbi.nlm.nih.gov/pubmed/24531562
5HT2A
8. Blough BE, Landavazo A, Decker AM, Partilla JS, Baumann MH, Rothman RB. (2014). Interaction of psychoactive
tryptamines with biogenic amine transporters and serotonin receptor subtypes. Psychopharmacology (Berl). 231(21):4135-44.
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Acetylcholine Receptors (Muscarinic)

CHRM1

1.
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Watt ML, Schober DA, Hitchcock S, Liu B, Chesterfield AK, McKinzie D and Felder CC. (2011). Pharmacological
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Acetylcholine Receptors (Muscarinic) ...continued

CHRM3
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EM, Charlton SJ and Tobin AB. (2010). The M3-muscarinic receptor regulates learning and memory in a receptor
phosphorylation/arrestin-dependent manner. Proc Natl Acad Sci U S A 107(20):9440-5. http://www.ncbi.nlm.nih.gov/
pubmed/20439723
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arrestin-dependent activation of protein kinase D1. Proc Natl Acad Sci USA 107(49):21181-6. http://www.ncbi.nlm.nih.gov/
pubmed/21078968

Adenosine Receptors

ADORAT, 2, 3

18.

Alnouri MW, Jepards S, Casari A, Schiedel AC, Hinz S, Miiller CE. (2015). Selectivity is species-dependent: Characterization
of standard agonists and antagonists at human, rat, and mouse adenosine receptors. Purinergic Signal. [Epub ahead of print]
http://www.ncbi.nlm.nih.gov/pubmed/26126429

ADORA2B

Gao ZG, Balasubramanian R, Kiselev E, Wei Q, Jacobson KA. (2014). Probing biased/partial agonism at the G protein-
coupled A(2B) adenosine receptor. Biochem Pharmacol. 90(3):297-306. http://www.ncbi.nlm.nih.gov/pubmed/24853985

ADORA3

20.

21.

22.

Verzijl D and ljzerman AP. (2011). Functional selectivity of adenosine receptor ligands. Purinergic Signal
7(2):171-92. http://www.ncbi.nim.nih.gov/pubmed/21544511

Gao ZG, Verzijl D, Zweemer A, Ye K, Goblyos A, ljzerman AP and Jacobson KA. (2011). Functionally biased modulation of
A(3) adenosine receptor agonist efficacy and potency by imidazoquinolinamine allosteric enhancers. Biochem Pharmacol
82(6):658-68. http://www.ncbi.nlm.nih.gov/pubmed/217186910v/pubmed/21544511

Gao ZG and Jacobson KA. (2008). Translocation of arrestin induced by human A(3) adenosine receptor ligands in an
engineered cell line: comparison with G protein-dependent pathways. Pharmacol Res 57(4):303-11. http://www.ncbi.nlm.
nih.gov/pubmed/18424164

Adrenoreceptors

ADRA2C

23.

Kurko D, Kapui Z, Nagy J, Lendvai B, Kolok S. (2014). Analysis of functional selectivity through G protein-dependent and
-independent signaling pathways at the adrenergic a2C receptor. Brain Res Bull. 107: 89-10. http://www.ncbi.nlm.nih.gov/
pubmed/25080296

ADRB1

24,

Rastogi T, Leder C, Kiimmerer K. (2015). Re-Designing of Existing Pharmaceuticals for Environmental Biodegradability: A
tiered approach with B-Blocker Propranolol as an example. Environ Sci Technol. [Epub ahead of print] http:/[www.ncbinlm.
nih.gov/pubmed/26291878

ADRB1
(Internalization)

25.

Hutchings CJ, Cseke G, Osborne G, Woolard J, Zhukov A, Koglin M, Jazayeri A, Pandya-Pathak J, Langmead CJ, Hill SJ, Weir
M, Marshall FH. (2014). Monoclonal anti-f1-adrenergic receptor antibodies activate G protein signaling in the absence of
B-arrestin recruitment. mAbs. 6(1):246-61. http://www.ncbi.nlm.nih.gov/pubmed/24253107
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Adrenoreceptors ...continued

26.

Kopra K, Kainulainen M, Mikkonen P, Rozwandowicz-Jansen A, Hanninen P and Harm3 H. (2013). Multiparametric
homogeneous method for identification of ligand binding to G protein-coupled receptors: receptor-ligand binding and
B-arrestin assay. Analytical Chemistry 85(4):2276-228. http://www.ncbi.nlm.nih.gov/pubmed/23330639

ADRB2
27. Weiss DR, Ahn S, Sassano MF, Kleist A, Zhu X, Strachan R, Roth BL, Lefkowitz RJ and Shoichet BK. (2013). Conformation
guides molecular efficacy in docking screens of activated -2 adrenergic G-protein coupled receptor. ACS Chem Biol
8(5):1018-26. http://www.ncbi.nlm.nih.gov/pubmed/23485065
ADRB2 28. Rosethorne EM, Bradley ME, Kent TC, Charlton SJ. (2015). Functional desensitization of the 2 adrenoceptor is not

(internalization)

dependent on agonist efficacy. Pharmacol Res Perspect. 3(1):e00101. http://www.ncbi.nlm.nih.gov/pubmed/25692019

Angiotensin Receptors

AGTR1

29.

30.

31.

32.

Dabul S, Bathgate-Siryk A, Valero TR, Jafferjee M, Sturchler E, McDonald P, Koch WJ, Lymperopoulos A. (2015). Suppression
of adrenal Barrestin1-dependent aldosterone production by ARBs: head-to-head comparison.
Sci Reports 5:8116. http://www.ncbi.nlm.nih.gov/pubmed/25631300

Li H, Kem DC, Zhang L, Huang B1, Liles C, Benbrook A, Gali H, Veitla V, Scherlag BJ, Cunningham MW, Yu X. (2015).
Novel retro-inverso Peptide inhibitor reverses Angiotensin receptor autoantibody-induced hypertension in the rabbit.
Hypertension. 65(4):793-9. http://www.ncbi.nlm.nih.gov/pubmed/25691619

Kim KS, Abraham D, Williams B, Violin JD, Mao L and Rockman HA. (2012). B-Arrestin-biased AT1R stimulation promotes
cell survival during acute cardiac injury. Am J Physiol Heart Circ Physiol 303:H1001-10. http://www.ncbi.nlm.nih.gov/
pubmed/22886417

Violin JD, DeWire SM, Yamashita D, Rominger DH, Nguyen L, Schiller K, Whalen EJ, Gowen M and Lark MW. (2010).
Selectively engaging B-arrestins at the angiotensin Il type 1 receptor reduces blood pressure and increases cardiac
performance. J Pharmacol Exp Ther 335(3):572-579. http://www.ncbi.nlm.nih.gov/pubmed/20801892

Apelin Receptors

AGTRL1

33.

Siddiquee K, Hampton J, McAnally D, May L and Smith L. (2013). The apelin receptor inhibits the angiotensin Il type 1
receptor via allosteric trans-inhibition. BrJ Pharmacol 168(5):1104-17. http://www.ncbi.nlm.nih.gov/pubmed/22935142

AGTRL1
(Internalization)

34.

Brame AL, Maguire JJ, Yang P, Dyson A, Torella R, Cheriyan J, Singer M, Glen RC, Wilkinson IB, Davenport AP (2015). Design,
characterization, and first-in-human study of the vascular actions of a novel biased apelin receptor agonist. Hypertension.
65(4):834-40. http://www.ncbi.nim.nih.gov/pubmed/25712721

Calcitonin Receptors

CALCRL-RAMP1

35.

36.

37.

Hay DL, Harris PWR, Kowalczyk R, Brimble MA, Rathbone DL, Barwell J, Conner AC and Poyner DR. (2014). Structure-
activity relationships of the N-terminus of calcitonin gene-related peptide: key roles of alanine-5 and threonine-6 in
receptor activation. BrJ Pharmacol 171(2):415-26. http://www.ncbi.nlm.nih.gov/pubmed/24125506

Andreassen KV, Hjuler ST, Furness SG, Sexton PM, Christopoulos A, Nosjean O, Karsdal MA, Henriksen K. (2014) Prolonged
calcitonin receptor signaling by salmon, but not human calcitonin, reveals ligand bias.
Plos One. 9(3):92042. http://www.ncbi.nlm.nih.gov/pubmed/24643196

Andreassen KV, Feigh M, Hjuler ST, Gydesen S, Henriksen JE, Beck-Nielsen H, Christiansen C, Karsdal MA, Henriksen K.
(2014) A novel oral dual amylin and calcitonin receptor agonist (KBP-042) exerts antiobesity and antidiabetic effects in
rats. Am J Physiol Endocrinol Metab. 307(1):E24-33. http://www.ncbi.nlm.nih.gov/pubmed/24801386

Cannabinoid Receptors

CNR1

38.

39.

40.

Priestley RS, Nickolls SA, Alexander SP, Kendall DA. (2014). A potential role for cannabinoid receptors in the therapeutic
action of fenofibrate. FASEB J. 29(4):1446-55. http://www.ncbi.nlm.nih.gov/pubmed/25550466

Baillie GL, Horswill J, Anavi-Goffer S, Reggio PH, Abood ME, Bolognini D, McAllister S, Strange PG, Stephens GJ, Pertwee
RG, et al. (2013). CB1 Receptor Allosteric Modulators Display both Agonist and Signaling Pathway Specificity. Mol
Pharmacol 83(2):322-38. http://www.ncbi.nlm.nih.gov/pubmed/23160940

van der Lee MM, Blomenréhr M, van der Doelen AA, Wat JW, Smits N, Hanson BJ, van Koppen CJ and Zaman GJ. (2009).
Pharmacological characterization of receptor redistribution and B-arrestin recruitment assays for the cannabinoid receptor
1. J Biomol Screen 14(7):811-23. http://www.ncbi.nlm.nih.gov/pubmed/19520790

<* eurofins

DiscoverX



http://www.ncbi.nlm.nih.gov/pubmed/23330639
http://www.ncbi.nlm.nih.gov/pubmed/23485065
http://www.ncbi.nlm.nih.gov/pubmed/25692019
http://www.ncbi.nlm.nih.gov/pubmed/25631300
http://www.ncbi.nlm.nih.gov/pubmed/25691619
http://www.ncbi.nlm.nih.gov/pubmed/22886417
http://www.ncbi.nlm.nih.gov/pubmed/22886417
http://www.ncbi.nlm.nih.gov/pubmed/20801892
http://www.ncbi.nlm.nih.gov/pubmed/22935142
http://www.ncbi.nlm.nih.gov/pubmed/25712721
http://www.ncbi.nlm.nih.gov/pubmed/24125506
http://www.ncbi.nlm.nih.gov/pubmed/24643196
http://www.ncbi.nlm.nih.gov/pubmed/24801386
http://www.ncbi.nlm.nih.gov/pubmed/25550466
http://www.ncbi.nlm.nih.gov/pubmed/23160940
http://www.ncbi.nlm.nih.gov/pubmed/19520790

GPCR Target

Reference

Cannabinoid Receptors ...continued

CNR1, CNR2

41.

42.

43.

Altomonte S, Baillie GL, Ross RA, Riley J, Zanda M (2014).The pentafluorosulfanyl group in cannabinoid receptor ligands:
synthesis and comparison with trifluoromethyl and tert-butyl analogues. RSC Advances 39(4)20164-76. http://pubs.rsc.org/
en/content/articlelanding/2014/ra/c4ra01212g

Dossou KS, Devkota KP, Kavanagh PV, Beutler JA, Egan JM and Moaddel R. (2013). Development and preliminary validation
of a plate-based CB1/CB2 receptor functional assay. Anal Biochem 437(2):138-43. http://www.ncbi.nlm.nih.gov/
pubmed/23481912

Yang R, Fredman G, Krishnamoorthy S, Agrawal N, Irimia D, Piomelli D and Serhan CN. (2011). Decoding functional
metabolomics with docosahexaenoyl ethanolamide (DHEA) identifies novel bioactive signals. J Biol Chem 286(36):31532-41.
http://pubs.rsc.org/en/content/articlelanding/2014/ra/c4ra01212g

CNR2

44,

45.

46.

Mukhopadhyay P, Baggelaar M, Erdelyi K, Cao Z, Cinar R, Fezza F, Ignatowska-Jankowska B, Wilkerson J, van Gils N, Hansen
T, Ruben M, Soethoudt M, Heitman L, Kunos G, Maccarrone M, Lichtman A, Pacher P, van der Stelt M. (2015). The novel,
orally available and peripherally restricted selective cannabinoid CB2 -receptor agonist LEI-101 prevents cisplatin-induced
nephrotoxicity. BrJ Pharmacol. [Epub ahead of print] http://www.ncbinim.nih.gov/pubmed/26398481

Chicca A, Gachet MS, Petrucci V, Schuehly W, Charles RP, Gertsch J. (2015). 4'-0-methylhonokiol increases levels of
2-arachidonoyl glycerol in mouse brain via selective inhibition of its COX-2-mediated oxygenation.
J Neuroinflammation 12(1):89. http://www.ncbi.nlm.nih.gov/pubmed/25962384

McGuinness D, Malikzay A, Visconti R, Lin K, Bayne M, Monsma F and Lunn CA. (2009). Characterizing cannabinoid CB2
receptor ligands using DiscoveRx PathHunter B-arrestin assay. J Biomol Screen 14(1):49-58. http://www.ncbi.nlm.nih.gov/
pubmed/19171920

Chemerin Receptors

CMKLR1

47.

Graham KL, Zhang JV, Lewén S, Burke TM, Dang T, Zoudilova M, Sobel RA, Butcher EC, Zabel BA. (2014). A novel CMKLR1
small molecule antagonist suppresses CNS autoimmune inflammatory disease. PLoS One. 9(12):€112925. http://www.ncbi.
nim.nih.gov/pubmed/25437209

Chemokine Receptors

CCR1
(Internalization)

48.

Gilchrist A, Gauntner TD, Fazzini A, Alley KM, Pyen DS, Ahn J, Ha SJ, Willett A, Sansom SE, Yarfi JL, Bachovchin KA, Mazzoni
MR, Merritt JR. (2014). Identifying bias in CCR1 antagonists using radiolabelled binding, receptor internalization, B-arrestin
translocation and chemotaxis assays. BrJ Pharmacol. 171(22):5127-38. http://www.ncbi.nlm.nih.gov/pubmed/24990525

CCR1, CCR5

49.

Rummel PC, Thiele S, Hansen LS, Petersen TP, Sparre-Ulrich AH, Ulven T and Rosenkilde MM. (2013). Extracellular disulfide
bridges serve different purposes in two homologous chemokine receptors, CCR1 and CCR5. Mol Pharm 84(3):335-45 http://
www.ncbi.nIm.nih.gov/pubmed/23765404

CCR4

50.

51.

Santulli-Marotto S, Fisher J, Petley T, Boakye K, Panavas T, Luongo J, Kavalkovich K, Rycyzyn M, Wu B, Gutshall L, Coelho
A, Hogaboam CM and Ryan, M. (2013). Surrogate antibodies that specifically bind and neutralize CCL17 but not CCL22.
Monoclon Antib Immunodiagn Immunother 32(3):162-71. http://www.ncbi.nlm.nih.gov/pubmed/23750473

Santulli-Marotto S, Boakye K, Lacy E, Wu S, Luongo J, Kavalkovich K, Coelh A, Hogaboam CM and Ryan M. (2013).
Engagement of two distinct binding domains on CCL17 Is required for signaling through CCR4 and establishment of
localized inflammatory conditions in the lung. PLoS ONE 8(12): €81465. http://www.ncbi.nlm.nih.gov/pubmed/24339934

CCR5

52.

53.

54.

Steen A, Thiele S, Guo D, Hansen LS, Frimurer TM and Rosenkilde MM. (2013). Biased and constitutive signaling in the CC-
chemokine receptor CCR5 by manipulating the interface between transmembrane helices 6 and 7.
J Biol Chem 288(18):12511-21. http://www.ncbi.nlm.nih.gov/pubmed/23493400

Steen A, Sparre-Ulrich AH, Thiele S, Guo D, Frimurer TM, Rosenkilde MM. (2013). Gating Function of Isoleucine-116 in TM3
(position 111:16/3.40) for the activity state of the CC-chemokine receptor 5 (CCR5).
BrJ Pharmacol 171(6):1566-79. http://www.ncbi.nlm.nih.gov/pubmed/24328926

White GE, McNeill E, Christou |, Channon KM and Greaves DR. (2011). Site-directed mutagenesis of the CC chemokine
binding protein 35K-Fc reveals residues essential for activity and mutations that increase the potency of CC chemokine
blockade. Mol Pharmacol 80(2):328-36. http://www.ncbi.nlm.nih.gov/pubmed/21586597

CCR9

55.

Lee S., Eileen L. Heinrich EL, Li L, Lu J, Choi AH, Levy RA, Wagner JE, Yip MLR, Vaidehi N, Kim J,(2013). CCR9-mediated
signaling through B-catenin and identification of a novel CCR9 antagonist. Mo Oncology [Epub ahead of print] http:/[www.
ncbi.nlm.nih.gov/pubmed/26003048
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Chemokine Receptors

CCR7, CCR9,
PTHR1

56.

Watts AO, Verkaar F, van der Lee MM, Timmerman CA, Kuijer M, van Offenbeek J, van Lith LH, Smit MJ, Leurs R, Zaman GJ
and Vischer HF. (2013). B-Arrestin recruitment and G protein signaling by the atypical human chemokine decoy receptor
CCX-CKR. J Biol Chem 288(10):7169-81. http://www.ncbi.nlm.nih.gov/pubmed/23341447

Chemokines
(multiple)

57.

58.

59.

Verkaar F, van Offenbeek J, van der Lee MM, van Lith LH, Watts AO, Rops AL, Aguilar DC, Ziarek JJ, van der Vlag J, Handel
TM, Volkman BF, Proudfoot AE, Vischer HF, Zaman GJ, Smit MJ. (2014). Chemokine cooperativity is caused by competitive
glycosaminoglycan binding. J Immunol 192(8):3908-14. http://www.ncbi.nlm.nih.gov/pubmed/24639348

Garin A, Johnson Z, Hermant A, Beltran F, Ratinaud Y, Michel A, Krohn S, Gaudet M, Carboni S, Ji H, Missotten M, Leger O,
Power C and Proudfoot A. (2013). Chemokine receptor antagonist development. Methods Mol Biol 1013:67-92. http://www.
ncbi.nlm.nih.gov/pubmed/23625494

Rajagopal S, Bassoni DL, Campbell JJ, Gerard NP, Gerard C and Wehrman TS. (2013). Biased agonism as a mechanism
for differential signaling by chemokine receptors. J Biol Chem 288(49):35039-48. http://www.ncbi.nim.nih.gov/
pubmed/24145037

CXCR1, CXCR2

60.

Maedaa DY, Pecka AM, Schulera AD, Quinnb MT, Kirpotinab LN, Wicombc WN, Autend RL, Gundlae R, Zebalaa JA (2015).
Boronic acid-containing CXCR1/2 antagonists: Optimization of metabolic stability, in vivo evaluation, and a proposed
receptor binding model. Bioorg & Med Chem Let. 25(11):2280-4. http://www.ncbi.nlm.nih.gov/pubmed/25933594
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