
1 Kringle domain:
 • Plasmin
 • Tissue-type plasminogen activator
2 Carboxypeptidase:
 • Carboxypeptidase A
3 Carboxylic ester hydrolases:
 • Butyrylcholine esterase
 • Gastric lipase
 • Lipoprotein lipase
 • Pancreatic lipase
4 Glycosylases:
 • Pancreatic α-amylase
5 Rhodopsin-like: dopamine receptors   
 • Dopamine D1 receptor
 • Dopamine D2 receptor
 • Dopamine D3 receptor
 • Dopamine D4 receptor
 • Dopamine D5 receptor
6 Rhodopsin-like: adrenoceptors 
 • α1a adrenoceptor
 • α1b adrenoceptor
 • α1d adrenoceptor
 • α2a adrenoceptor
 • α2b adrenoceptor
 • α2c adrenoceptor
 • β1 adrenoceptor
 • β2 adrenoceptor
7 Rhodopsin-like: histamine receptors 
 • Histamine H1 receptor
 • Histamine H2 receptor
8 Rhodopsin-like: serotonin receptors   
 • Serotonin 1A (5-HT1A) receptor
 • Serotonin 1B (5-HT1B) receptor
 • Serotonin 1D (5-HT1D) receptor
 • Serotonin 1F (5-HT1F) receptor
 • Serotonin 2A (5-HT2A) receptor
 • Serotonin 2B (5-HT2B) receptor
 • Serotonin 2C (5-HT2C) receptor
 • Serotonin 4 (5-HT4) receptor
9 Rhodopsin-like: short peptide receptors   
 • Angiotensin II type 1A (AT1A) receptor
 • Endothelin receptor ETA
 • Endothelin receptor ETB

 • Neurokinin 1 receptor
 • Nociceptin receptor
 • Mu opioid receptor
 • Vasopressin V1A receptor
 • Vasopressin V1B receptor
 • Vasopressin V2 receptor
 • δ-opioid receptor
 • κ-opioid receptor
 • σ-opioid receptor
10 Rhodopsin-like: acetylcholine receptors  
 • Muscarinic acetylcholine receptor M1
 • Muscarinic acetylcholine receptor M2
 • Muscarinic acetylcholine receptor M3
 • Muscarinic acetylcholine receptor M4
 • Muscarinic acetylcholine receptor M5
11 Rhodopsin-like: nucleotide-like receptors  
 • Adenosine A1 receptor
 • Adenosine A2A receptor
 • Adenosine A2B receptor
 • Adenosine A3 receptor
 • Purinergic receptor P2Y12
12 Rhodopsin-like: lipid-like ligand receptors  
 • Cannabinoid CB1 receptor
 • Cannabinoid CB2 receptor
 • Cysteinyl leukotriene receptor 1
 • Prostanoid EP2 receptor
13 Rhodopsin-like: melatonin receptors   
 • Melatonin receptor 1A
 • Melatonin receptor 1B
14 Metalloprotease:
 • Angiotensin-converting enzyme
15 Transporter ATPase:
 •  Sodium/potassium-transporting ATPase α1 chain
16 Carboxylic ester hydrolases:
 • Acetylcholinesterase
17 Glycosylases:
 • Maltase-glucoamylase
18 Peroxidase:
 • Thyroid peroxidase
19 Lipoxygenase:
 • Arachidonate 5-lipoxygenase
20 DOPA decarboxylase:
 • DOPA decarboxylase
21 A/G cyclase:
 • Guanylate cyclase soluble β1 chain
22 Methyltransferases:
 • Catechol O-methyltransferase
23 Sulphonylurea receptors 
 • Sulphonylurea receptor 1
 • Sulphonylurea receptor 2
24 Other transporters 
 • Dopamine transporter
 • GABA transporter 1
 • Norepinephrine transporter
 • Potassium-transporting ATPase α-chain 1
 • Sodium-(potassium)-chloride cotransporter 2
 • Serotonin transporter
 • Synaptic vesicular amine transporter
 •  Thiazide-sensitive sodium-chloride cotransporter
25 Electrochemical nucleoside transporter  
 • Equilibrative nucleoside transporter 1
26 Voltage-gated ion channels 
 • HERG
 • Sodium channel protein type I α-subunit
 • Sodium channel protein type IV α-subunit
 • Sodium channel protein type V α-subunit
 • Voltage-gated potassium channel subunit Kv4.3
 • Voltage-gated potassium channel subunit Kv7.1
 •  Voltage-gated T-type calcium channel α1H 

subunit
 •  Voltage-gated L-type calcium channel α1C 

subunit
 •  Voltage-gated calcium channel α2/δ subunit 1
27 GABA receptors (Cys-Loop) 
 • GABA receptor α1 subunit
 • GABA receptor β2 subunit
 • GABA receptor γ2 subunit
28 Acetylcholine receptors (Cys-Loop) 
 •  Neuronal acetylcholine receptor protein α2 

subunit
 •  Neuronal acetylcholine receptor protein α4 

subunit
 •  Neuronal acetylcholine receptor protein β2 

subunit
29 NMDA receptors 
 • Glutamate (NMDA) receptor subunit ε1
 • Glutamate (NMDA) receptor subunit ε2
30 5-HT3 receptors (Cys-Loop) 
 • Serotonin 3A (5-HT3A) receptor
31 Ligand-gated ion channels: Glu: kainate 
 • Glutamate receptor ionotropic kainate 1

32 AMPA Glu receptors
 • Glutamate receptor ionotropic, AMPA 1
33 Acid-sensing ion channels: aldosterone 
 •  Amiloride-sensitive sodium channel α-subunit
34 Ryanodine receptors 
 • Ryanodine receptor 1
 • Ryanodine receptor 3
35  Vitamin K epoxide reductase 
 •  Vitamin K epoxide reductase complex subunit 1 

isoform 1
36 MetGluR-like: GABAB receptors 
 • GABAB receptor 1
37 Inwardly rectifying K+ channel 
 •  Potassium channel, inwardly rectifying, subfamily J, 

member 11
38 NPC1L1 
 • NPC1L1
39 MetGluR-like: calcium-sensing receptors  
 • Calcium-sensing receptor
40 Aldehyde dehydrogenases 
 • Succinate semialdehyde dehydrogenase
 • Aldehyde dehydrogenase
41 Tyrosine 3-hydroxylase 
 • Tyrosine 3-hydroxylase
42 Aldose reductase 
 • Aldose reductase
43 Xanthine dehydrogenase 
 • Xanthine dehydrogenase
44 Ribonucleoside reductase 
 •  Ribonucleoside-diphosphate reductase M2 chain
45 Dihydrofolate reductase 
 • Dihydrofolate reductase
46 IMP dehydrogenase 
 • Inosine-5-monophosphate dehydrogenase 1
 • Inosine-5-monophosphate dehydrogenase 2
47 Thioredoxin reductase 
 • Thioredoxin reductase 1
48 Dioxygenase 
 • 4-hydroxyphenylpyruvate dioxygenase
49 Inositol monophosphatase 
 • Inositol-1(or 4)-monophosphatase A2
50 Phosphodiesterases 
 • Phosphodiesterase 3A
 • Phosphodiesterase 4A
 • Phosphodiesterase 5A
51 Adenosine deaminase 
 • Adenosine deaminase
52 Peptidylprolyl isomerases 
 • Cyclophilin A
 • Cyclophilin B
 • FK506-binding protein 1A
53 Thymidylate synthase 
 • Thymidylate synthase
54 Aminotransferases 
 • γ-amino-N-butyrate transaminase
55 Farnesyl diphosphate synthase 
 • Farnesyl diphosphate synthase
56 Protein kinases 
 •  B-Raf proto-oncogene serine/threonine-protein kinase
 • Ephrin type-A receptor 2
 • Epidermal growth factor receptor erbB1
 •  Macrophage colony-stimulating factor receptor
 •  Platelet-derived growth factor receptor-α
 • Platelet-derived growth factor receptor-β
 •  Proto-oncogene tyrosine-protein kinase receptor RET
 • Serine/threonine-protein kinase RAF
 • Stem-cell growth factor receptor
 • Tyrosine-protein kinase ABL
 • Tyrosine-protein kinase SRC
 • Tyrosine-protein kinase FYN
 • Tyrosine-protein kinase LCK
 • Tyrosine-protein kinase YES
 • Tyrosine-protein kinase receptor FLT3
 • Vascular endothelial growth factor receptor 1
 • Vascular endothelial growth factor receptor 2
 • Vascular endothelial growth factor receptor 3
57 Carbonic anhydrase 
 • Carbonic anhydrase II
58 Tubulins 
 • Tubulin β1 chain
 • Tubulin β2 chain
59 Troponin 
 • Troponin C
60 Inhibitor of IκB kinase-β 
 •  Inhibitor of nuclear factor-κB kinase β-subunit
61 Amine oxidases 
 • Monoamine oxidase A
 • Monoamine oxidase B
62 Cyclooxygenases 
 • Cyclooxygenase 1
 • Cyclooxygenase 2
63 Cytochrome P450s 
 • Cytochrome P450 3A3
 • Cytochrome P450 11A1
 • Cytochrome P450 11B1
 • Cytochrome P450 19A1
64 Thyroxine 5-deiodinase 
 • Type I iodothyronine deiodinase
65 Steroid dehydrogenase 
 • 3-β-hydroxysteroid dehydrogenase
66 HMG-CoA reductase 
 • HMG-CoA reductase
67 Steroid reductases 
 • Steroid 5-α-reductase 1
 • Steroid 5-α-reductase 2
68 Dihydroorotate oxidase 
 • Dihydroorotate dehydrogenase
69 Epoxide hydrolase 
 • Epoxide hydrolase 1
70 Transporter ATPase 
 • Vacuolar ATP synthase catalytic subunit A
71 Translocator 
 • Adenine nucleotide translocator 1
72 Glycosyltransferases 
 • Ceramide glucosyltransferase
73 Nuclear receptors: NR3 receptors 
 • Androgen receptor
 • Glucocorticoid receptor
 • Mineralocorticoid receptor
 • Oestrogen receptor-β
 • Oestrogen receptor-α
 • Progesterone receptor
74 Nuclear receptors: NR1 receptors 
 • Bile acid receptor FXR
 • Peroxisome proliferator-activated receptor-α
 • Peroxisome proliferator-activated receptor-γ
 • Retinoic acid receptor-α
 • Retinoic acid receptor-β
 • Retinoic acid receptor-γ
 • Thyroid hormone receptor-α
 • Thyroid hormone receptor-β1
 • Vitamin D receptor
75 Topoisomerase 
 • DNA topoisomerase IIα

Abbreviations: AMPA, α-amino-5-hydroxy-3-methyl-4-isoxazole propionic acid; GABA, γ-amino butyric acid; GPCR, G-protein-coupled receptor; HMG-CoA, 3-hydroxy-3-methyl-glutaryl co-enzyme A; 
IMP, ionisine 5′-monophosphate; l-DOPA (3,4-dihydroxy-l-phenylalanine); NMDA, N-methyl-d-aspartate; NPC1L1, Niemann–Pick C1 like 1; NR, nuclear receptor.
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The human targets of FDA-approved oral drugs
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The molecular pharmacopoeia of 186 human protein drug targets for FDA-approved oral drugs. The drug targets are grouped into target subfamilies where 
there are multiple related drug targets. The size of the icons represents the number of drugs approved for that target or target subfamily. The horizontal 
axis illustrates the cellular location of a drug target. The vertical axis illustrates an approximate timeline depicting when the first drug for a target or target 
subfamily was approved (older drug targets are at the top of the chart). The dates next to the targets illustrate the year in which the first USAN (United 
States Adopted Name) was assigned for the first drug against that target or any target in the subfamily (which usually occurs in the late stages of clinical 
development). The availability of protein structural information for the target or target subfamily is illustrated by the coloured dot next to the target name. 
The shapes of the icons represent the general functional classes of drug targets and related groups within a functional class are coloured the same.
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