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Supplementary Figure 1 

Demonstration of the feasibility of testing for antagonist activity with the Tango -arrestin recruitment assay and demonstration of the 
variability of the effects of removal of the V2 tail on activity in the Tango -arrestin recruitment assay. 

(a­c) Demonstration of the feasibility of testing for antagonist activity with the Tango ‐arrestin–
recruitment assay (a) Stimulation of neurotensin receptor NTSR2 activity by SR48692 or SR142948, but 
not neurotensin. (b) Inhibition of activity of SR48692 at the NTSR2 receptor by levocabastine or 
neurotensin. (c) Inhibition of activity of SR142948 at the NTSR2 receptor by levocabastine or 
neurotensin. (d­f) Demonstration of the variability of the effects of removal of the V2 tail on activity in 
the Tango ‐arrestin recruitment assay. (d) Lack of effect of V2 tail removal using the LTB4R receptor. 
(e) Increased activity after V2 tail removal using the CMKLR1 receptor. (f) Decreased activity after V2 tail 
removal using the FFAR2 (GPR43) receptor.  



Nature Structural and Molecular Biology: doi:10.1038/nsmb.3014 

Supplementary Figure 2 

The effect of clozapine on concentration-response curves to LSD at various GPCR targets in the Tango β-arrestin recruitment assay. 

Data are shown as mean ± SEM of quadruplicate values, and curves were fitted using GraphPad Prism. (a) HTR1A, (b) HTR1D, (c)
HTR1B, (d) ADRA2B, (e) HTR1E, (f) HTR1F, (g) HTR2A, (h) HTR5, (i) DRD2. 
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Supplementary Figure 3 

Summary of constitutive activity of GPCR-Tango constructs used in this study. 

HTLA cells were transfected with various Tango constructs, plated into 384-well assay plates, and luminescence in relative 
luminescence units (RLU) was measured after overnight incubation in the absence of ligand. The constitutive activity of these 
constructs, i.e., the ratio of the maximum to the minimum luminescence of the constructs, varied over a range of up to 551-fold in 
individual experiments. 
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Supplementary Figure 4 

The effect of various lengths of exposure to agonist on the luminescence response in the Tango-arrestin recruitment assay. 

Cells transfected with the DRD2‐Tango construct were plated into 384‐well plates and incubated in 
medium containing 1% dialysed fetal bovine serum (dFBS) overnight. Then, medium was switched to 
serum‐free, and cells were incubated for a further 4 hours. Various concentrations of the agonist 
quinpirole were added, and at different times were washed out and replaced with serum‐free medium, 
with further incubation overnight. Plates were read the following day. Data are expressed as mean ± SEM 
of quadruplicate determinations, and curves were fitted using GraphPad Prism. 
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Supplementary Figure 5 

Concentration-response curves of nateglinide in Gs and Gi assays in MRGPRX receptor–expressing cells. 

a) Gs response to nateglinide in HEK293T cells expressing MRGPRX receptors, showing a Gs response only in cells expressing
MRGPRX4 receptors at high concentrations of nateglinide. (b) Comparison of the concentration-response curves in Gs assays of 
nateglinide and isoproterenol in MRGPRX4-expressing HEK293T cells. (c) Concentration-response curve in Gi assay of nateglinide in 
MRGPRX4-expressing HEK293T cells. Data are expressed as mean ± SEM of triplicate or quadruplicate determinations, and curves
were fitted using Graphpad Prism. 
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Supplementary Figure 6 

Calcium-mobilization responses in stable cell lines expressing MRGPRX receptors. 

(a,c,e) Concentration‐response curves; data are expressed as mean ± SEM, and curves were fitted using 
Graphpad Prism. (b,d,f) Time course of responses, showing representative curves of experiments done in 
triplicate. (a, b) Responses of MRGPRX1‐expressing cells to BAM8‐22. (c,d) Responses of MRGPRX2‐
expressing cells to SB 205,607. (e,f) Responses of MRGPRX4‐expressing cells to nateglinide. TRAP is an 
agonist for endogenous PAR1 and serves as an internal control for the calcium mobilization assay. 
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Supplementary Figure 7 

Concentration-response curves showing responses of bombesin receptors to the cognate ligand bombesin and saquinavir. 

(a) BB1 receptor, Tango assay. (b) BB2 receptor, Tango assay. (c) BB1 receptor, calcium mobilization assay. (d) 
BB2 receptor, calcium mobilization assay. (e) BB3 receptor, PI hydrolysis assay. Data are expressed as mean ± SEM 
of triplicate determinations, and curves were fitted using Graphpad Prism. 
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Supplementary Figure 8 

Concentration-dependent agonist activity of various compounds at MRGPRX2 receptors in the Tango assay compared with the activity 
of the known ligand SB 205607. 

(a) and (c) Tango arrestin recruitment assays, (b) PI hydrolysis. Data are expressed as mean ± SEM of 
triplicate determinations, and curves were fitted using Graphpad Prism. 
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Supplementary	
  Note	
  1.	
  The	
  sequence	
  of	
  a	
  typical	
  Tango	
  construct	
  for	
  the	
  APJ	
  apelin	
  receptor	
  in	
  
pcDNA3.1(+).	
  	
  

MODULES:	
  

Not	
  I	
  –	
  Kozak	
  –	
  Start	
  –	
  Signal/FLAG	
  –	
  Cla	
  I	
  –	
  Start	
  –	
  receptor	
  –	
  Cla	
  I	
  –	
  Age	
  I	
  –	
  V2	
  tail	
  –	
  Age	
  I	
  –	
  TEV	
  cleavage	
  
site	
  –	
  Tta	
  transcription	
  factor	
  –	
  stop	
  -­‐	
  	
  Xho	
  I	
  

	
  

Note:	
  everything	
  must	
  be	
  in	
  a	
  single	
  reading	
  frame.	
  	
  

	
  

GCGGCCGCGCCACCATGAAGACGATCATCGCCCTGAGCTACATCTTCTGCCTGGTATTCGCCGACTACAA
GGACGATGATGACGCCAGCatcgatATGGAGGAGGGCGGAGACTTTGACAATTATTACGGTGCCGATAAT
CAGTCCGAGTGCGAGTACACTGACTGGAAAAGCTCCGGTGCACTCATCCCTGCTATATATATGCTGGTGT
TTCTGTTGGGAACCACTGGAAACGGCCTCGTACTGTGGACTGTGTTTAGGAGTTCCCGGGAAAAACGGAG
GAGCGCCGATATTTTTATTGCAAGCCTGGCCGTGGCTGACCTTACGTTTGTGGTGACCCTGCCACTGTGG
GCAACCTACACATATCGCGATTACGATTGGCCTTTCGGAACATTCTTCTGCAAACTGAGTTCTTATCTCA
TCTTCGTTAATATGTATGCATCTGTCTTCTGTCTGACGGGCCTCAGTTTTGATCGGTACCTCGCGATTGT
TCGGCCCGTAGCTAATGCCAGACTGAGGCTGAGAGTCAGTGGGGCCGTCGCCACAGCAGTGCTCTGGGTG
TTGGCGGCTCTGCTTGCGATGCCAGTAATGGTACTCAGGACAACCGGAGACCTGGAGAACACTACAAAAG
TGCAGTGTTATATGGATTATAGCATGGTCGCTACCGTCTCAAGCGAGTGGGCTTGGGAAGTGGGGTTGGG
CGTGAGCAGCACTACAGTTGGGTTCGTGGTACCCTTCACGATTATGCTGACATGCTACTTCTTCATTGCC
CAGACCATCGCTGGTCACTTCCGGAAAGAGAGGATTGAAGGCCTCCGGAAGCGGAGGCGGCTGCTGAGCA
TCATTGTTGTGCTGGTCGTGACCTTTGCTCTCTGTTGGATGCCGTATCATCTGGTGAAAACACTCTACAT
GCTCGGATCCCTGTTGCACTGGCCCTGCGATTTCGATCTGTTTCTGATGAACATTTTCCCATACTGTACC
TGCATTTCTTACGTGAATAGCTGTCTCAATCCTTTCCTGTACGCCTTCTTCGACCCTAGATTTCGGCAGG
CCTGCACAAGCATGCTGTGTTGCGGCCAATCAAGGTGTGCTGGCACTAGTCATTCCAGCTCAGGCGAAAA
AAGCGCATCTTACAGCTCCGGACATTCCCAGGGCCCAGGTCCTAACATGGGCAAAGGCGGTGAGCAGATG
CACGAAAAATCCATTCCTTATAGTCAGGAGACTCTGGTGGTTGACatcgatACCGGTGGACGCACCCCAC
CCAGCCTGGGTCCCCAAGATGAGTCCTGCACCACCGCCAGCTCCTCCCTGGCCAAGGACACTTCATCGAC
CGGTGAGAACCTGTACTTCCAGCTAAGATTAGATAAAAGTAAAGTGATTAACAGCGCATTAGAGCTGCTT
AATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAACTCGCCCAGAAGCTAGGTGTAGAGCAGCCTACAT
TGTATTGGCATGTAAAAAATAAGCGGGCTTTGCTCGACGCCTTAGCCATTGAGATGTTAGATAGGCACCA
TACTCACTTTTGCCCTTTAGAAGGGGAAAGCTGGCAAGATTTTTTACGTAATAACGCTAAAAGTTTTAGA
TGTGCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAAAAACAGTATG
AAACTCTCGAAAATCAATTAGCCTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACT
CAGCGCTGTGGGGCATTTTACTTTAGGTTGCGTATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAA
AGGGAAACACCTACTACTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAG
GTGCAGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAACAACTTAAATGTGA
AAGTGGGTCCGCGTACAGCCGCGCGCGTACGAAAAACAATTACGGGTCTACCATCGAGGGCCTGCTCGAT
CTCCCGGACGACGACGCCCCCGAAGAGGCGGGGCTGGCGGCTCCGCGCCTGTCCTTTCTCCCCGCGGGAC
ACACGCGCAGACTGTCGACGGCCCCCCCGACCGATGTCAGCCTGGGGGACGAGCTCCACTTAGACGGCGA
GGACGTGGCGATGGCGCATGCCGACGCGCTAGACGATTTCGATCTGGACATGTTGGGGGACGGGGATTCC
CCGGGTCCGGGATTTACCCCCCACGACTCCGCCCCCTACGGCGCTCTGGATATGGCCGACTTCGAGTTTG
AGCAGATGTTTACCGATGCCCTTGGAATTGACGAGTACGGTGGGTAGctcgag 
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GCGGCCGCGCCACCATGAAGACGATCATCGCCCTGAGCTACATCTTCTGCCTGGTATTCGCCGACTACAA
GGACGATGATGACGCCAGCatcgatATGGAGGAGGGCGGAGACTTTGACAATTATTACGGTGCCGATAAT
CAGTCCGAGTGCGAGTACACTGACTGGAAAAGCTCCGGTGCACTCATCCCTGCTATATATATGCTGGTGT
TTCTGTTGGGAACCACTGGAAACGGCCTCGTACTGTGGACTGTGTTTAGGAGTTCCCGGGAAAAACGGAG
GAGCGCCGATATTTTTATTGCAAGCCTGGCCGTGGCTGACCTTACGTTTGTGGTGACCCTGCCACTGTGG
GCAACCTACACATATCGCGATTACGATTGGCCTTTCGGAACATTCTTCTGCAAACTGAGTTCTTATCTCA
TCTTCGTTAATATGTATGCATCTGTCTTCTGTCTGACGGGCCTCAGTTTTGATCGGTACCTCGCGATTGT
TCGGCCCGTAGCTAATGCCAGACTGAGGCTGAGAGTCAGTGGGGCCGTCGCCACAGCAGTGCTCTGGGTG
TTGGCGGCTCTGCTTGCGATGCCAGTAATGGTACTCAGGACAACCGGAGACCTGGAGAACACTACAAAAG
TGCAGTGTTATATGGATTATAGCATGGTCGCTACCGTCTCAAGCGAGTGGGCTTGGGAAGTGGGGTTGGG
CGTGAGCAGCACTACAGTTGGGTTCGTGGTACCCTTCACGATTATGCTGACATGCTACTTCTTCATTGCC
CAGACCATCGCTGGTCACTTCCGGAAAGAGAGGATTGAAGGCCTCCGGAAGCGGAGGCGGCTGCTGAGCA
TCATTGTTGTGCTGGTCGTGACCTTTGCTCTCTGTTGGATGCCGTATCATCTGGTGAAAACACTCTACAT
GCTCGGATCCCTGTTGCACTGGCCCTGCGATTTCGATCTGTTTCTGATGAACATTTTCCCATACTGTACC
TGCATTTCTTACGTGAATAGCTGTCTCAATCCTTTCCTGTACGCCTTCTTCGACCCTAGATTTCGGCAGG
CCTGCACAAGCATGCTGTGTTGCGGCCAATCAAGGTGTGCTGGCACTAGTCATTCCAGCTCAGGCGAAAA
AAGCGCATCTTACAGCTCCGGACATTCCCAGGGCCCAGGTCCTAACATGGGCAAAGGCGGTGAGCAGATG
CACGAAAAATCCATTCCTTATAGTCAGGAGACTCTGGTGGTTGACatcgatACCGGTGGACGCACCCCAC
CCAGCCTGGGTCCCCAAGATGAGTCCTGCACCACCGCCAGCTCCTCCCTGGCCAAGGACACTTCATCGAC
CGGTGAGAACCTGTACTTCCAGCTAAGATTAGATAAAAGTAAAGTGATTAACAGCGCATTAGAGCTGCTT
AATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAACTCGCCCAGAAGCTAGGTGTAGAGCAGCCTACAT
TGTATTGGCATGTAAAAAATAAGCGGGCTTTGCTCGACGCCTTAGCCATTGAGATGTTAGATAGGCACCA
TACTCACTTTTGCCCTTTAGAAGGGGAAAGCTGGCAAGATTTTTTACGTAATAACGCTAAAAGTTTTAGA
TGTGCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAAAAACAGTATG
AAACTCTCGAAAATCAATTAGCCTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACT
CAGCGCTGTGGGGCATTTTACTTTAGGTTGCGTATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAA
AGGGAAACACCTACTACTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAG
GTGCAGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAACAACTTAAATGTGA
AAGTGGGTCCGCGTACAGCCGCGCGCGTACGAAAAACAATTACGGGTCTACCATCGAGGGCCTGCTCGAT
CTCCCGGACGACGACGCCCCCGAAGAGGCGGGGCTGGCGGCTCCGCGCCTGTCCTTTCTCCCCGCGGGAC
ACACGCGCAGACTGTCGACGGCCCCCCCGACCGATGTCAGCCTGGGGGACGAGCTCCACTTAGACGGCGA
GGACGTGGCGATGGCGCATGCCGACGCGCTAGACGATTTCGATCTGGACATGTTGGGGGACGGGGATTCC
CCGGGTCCGGGATTTACCCCCCACGACTCCGCCCCCTACGGCGCTCTGGATATGGCCGACTTCGAGTTTG
AGCAGATGTTTACCGATGCCCTTGGAATTGACGAGTACGGTGGGTAGctcgag 
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Supplementary	
  Note	
  2	
  
	
  
Parallel	
  receptorome	
  screening	
  using	
  β-­‐arrestin	
  recruitment	
  assay	
  	
  
	
  
Main	
  equipment:	
  Liquid	
  handling	
  workstation	
  for	
  96-­‐	
  and	
  384-­‐well	
  plates,	
  luminescence	
  counter	
  	
  
Main	
  reagent:	
  BrightGlo®	
  from	
  Promega	
  	
  
Assay	
  buffer:	
  20	
  mM	
  HEPES,	
  1x	
  HBSS,	
  pH	
  7.40	
  	
  
	
  
Cell	
  culture.	
  HTLA	
  cells	
  (a	
  gift	
  from	
  Dr.	
  Richard	
  Axel),	
  stably	
  expressing	
  a	
  tTA-­‐dependent	
  luciferase	
  
reporter	
  and	
  a	
  β-­‐arrestin-­‐TEV	
  protease	
  fusion	
  gene,	
  are	
  maintained	
  in	
  DMEM	
  supplemented	
  with	
  
10%	
  FBS	
  and	
  2	
  μg/ml	
  Puromycin	
  and	
  100	
  μg/ml	
  Hygromycin.	
  To	
  set	
  up	
  the	
  cells	
  for	
  transfection,	
  
HTLA	
  cells	
  are	
  plated	
  in	
  DMEM	
  supplemented	
  with	
  10%	
  dialyzed	
  FBS	
  in	
  Poly-­‐L-­‐Lys	
  (PLL)	
  coated	
  384-­‐
well	
  white	
  clear	
  bottom	
  cell	
  culture	
  plates	
  at	
  a	
  density	
  of	
  15,000	
  to	
  20,000	
  cells	
  in	
  50	
  μl	
  per	
  well	
  and	
  
incubated	
  overnight.	
  	
  
	
  
DNA	
  plate.	
  Each	
  single	
  DNA	
  plasmid	
  is	
  plated	
  using	
  the	
  liquid	
  handling	
  workstation	
  into	
  one	
  well	
  of	
  
a	
  96-­‐well	
  plate	
  at	
  0.5	
  μg/well	
  (enough	
  for	
  eight	
  384-­‐well	
  plates)	
  in	
  at	
  least	
  10μl	
  of	
  assay	
  buffer.	
  Each	
  
plate	
  includes	
  80	
  receptor	
  DNA	
  samples,	
  positive	
  controls	
  in	
  wells	
  A12	
  and	
  B12	
  (DNA	
  plasmids	
  for	
  
receptors	
  with	
  cognate	
  ligands),	
  transfection	
  controls	
  in	
  wells	
  A1,	
  B1,	
  G12,	
  and	
  H12	
  (DNA	
  plasmid	
  
for	
  YFP),	
  and	
  negative	
  controls	
  with	
  buffer	
  only	
  (wells	
  C1	
  to	
  H1,	
  and	
  C12	
  to	
  F12).	
  We	
  use	
  D2-­‐Tango	
  
(quinpirole	
  as	
  agonist)	
  or	
  V2-­‐Tango	
  (Vasopressin	
  as	
  agonist)	
  constructs	
  as	
  positive	
  assay	
  controls.	
  
These	
  plates	
  are	
  kept	
  at	
  -­‐20C	
  until	
  ready	
  for	
  assay.	
  Immediately	
  before	
  transfection	
  (see	
  below),	
  
two	
  DNA	
  plates	
  are	
  combined	
  in	
  a	
  cell	
  culture	
  hood	
  into	
  one	
  384-­‐well	
  plate,	
  with	
  duplicate	
  wells	
  for	
  
every	
  DNA,	
  (250	
  μg/well	
  and	
  50	
  μl)	
  (see	
  Figures	
  1	
  and	
  2	
  for	
  DNA	
  maps	
  in	
  96-­‐and	
  384-­‐well	
  plate	
  
formats,	
  respectively);	
  immediately	
  followed	
  by	
  calcium	
  phosphate	
  transfection	
  (see	
  below).	
  	
  
	
  
Transfection	
  using	
  calcium	
  phosphate	
  precipitation	
  protocol.	
  HTLA	
  cells	
  are	
  plated	
  as	
  indicated	
  
above	
  and	
  incubated	
  overnight	
  before	
  transfection.	
  Plated	
  DNA	
  in	
  384-­‐well	
  plates	
  (Figure	
  2)	
  is	
  first	
  
diluted	
  to	
  a	
  final	
  volume	
  of	
  100	
  µl	
  with	
  0.25	
  M	
  CaCl2	
  in	
  TE	
  buffer	
  (1	
  mM	
  Tris–HCl,	
  0.1	
  mM	
  EDTA,	
  pH	
  
7.6).	
  The	
  diluted	
  DNA	
  is	
  then	
  dispensed	
  onto	
  the	
  plated	
  cells	
  in	
  duplicate	
  (adjacent	
  wells,	
  50μl/well)	
  
as	
  shown	
  in	
  Figure	
  2	
  (i.e.,	
  A1	
  and	
  A2,	
  A3	
  and	
  A4,	
  …,	
  P23	
  and	
  P24).	
  Thus,	
  the	
  DNA	
  samples	
  from	
  two	
  
96-­‐well	
  plates	
  (p1	
  and	
  p2)	
  are	
  transfected	
  in	
  one	
  384-­‐well	
  plate	
  (P1),	
  and	
  therefore	
  each	
  DNA	
  
plasmid	
  is	
  transfected	
  in	
  duplicate.	
  The	
  DNA	
  from	
  the	
  first	
  96-­‐well	
  plate	
  (p1)	
  is	
  transfected	
  in	
  rows	
  A	
  
to	
  H	
  and	
  the	
  DNA	
  from	
  the	
  second	
  plate	
  (p2)	
  is	
  transfected	
  in	
  rows	
  I	
  to	
  P	
  of	
  the	
  384-­‐well	
  assay	
  plate	
  
(Figure	
  2).	
  An	
  equal	
  volume	
  (50μl)	
  of	
  2x	
  HBS	
  solution	
  (50	
  mM	
  HEPES,	
  280	
  mM	
  NaCl,	
  10	
  mM	
  KCl,	
  1.5	
  
mM	
  Na2HPO4,	
  pH	
  7.00)	
  is	
  added	
  to	
  the	
  DNA/CaCl2	
  solution	
  to	
  transfect	
  cells.	
  Plates	
  are	
  incubated	
  
overnight	
  at	
  37°C.	
  	
  
	
  
Assay	
  procedure.	
  Each	
  384-­‐well	
  plate	
  is	
  designed	
  to	
  test	
  one	
  drug	
  at	
  multiple	
  (up	
  to	
  160)	
  target	
  
receptors	
  simultaneously.	
  Odd-­‐numbered	
  columns	
  contain	
  Tango	
  assay	
  buffer	
  to	
  serve	
  as	
  a	
  basal	
  
control	
  and	
  even-­‐numbered	
  columns	
  contain	
  drug	
  stimulation	
  solution	
  prepared	
  in	
  sterile	
  filtered	
  
Tango	
  assay	
  buffer	
  at	
  6	
  μM	
  (final	
  concentration	
  is	
  1	
  μM).	
  The	
  drug	
  plate	
  design	
  is	
  shown	
  in	
  Figure	
  3.	
  
On	
  the	
  day	
  of	
  the	
  assay,	
  growth	
  medium	
  is	
  replaced	
  by	
  50	
  μl	
  of	
  serum-­‐free	
  medium	
  supplemented	
  
with	
  penicillin/streptomycin	
  4	
  hours	
  before	
  stimulation.	
  Cells	
  are	
  then	
  stimulated	
  by	
  addition	
  of	
  
drugs	
  (10	
  μl	
  per	
  well)	
  and	
  incubated	
  overnight	
  at	
  37°C.	
  The	
  following	
  day,	
  medium	
  and	
  drug	
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solutions	
  are	
  removed	
  and	
  20	
  μl	
  per	
  well	
  of	
  BrightGlo	
  reagent	
  (diluted	
  20-­‐fold	
  with	
  Tango	
  assay	
  
buffer)	
  are	
  added.	
  The	
  plate	
  is	
  incubated	
  for	
  at	
  least	
  20	
  minutes	
  at	
  room	
  temperature	
  in	
  the	
  dark	
  
before	
  luminescence	
  is	
  measured.	
  	
  
	
  
Data	
  processing	
  and	
  analysis.	
  The	
  luminescence	
  counter	
  records	
  relative	
  luminescence	
  units	
  (RLU)	
  
and	
  saves	
  files	
  in	
  Excel	
  spreadsheets	
  for	
  easy	
  processing.	
  For	
  receptors	
  that	
  have	
  positive	
  controls	
  
(non-­‐orphan	
  receptors),	
  activation	
  relative	
  to	
  positive	
  control	
  (%)	
  is	
  calculated	
  according	
  to	
  the	
  
following	
  formula:	
  

	
  

𝐴𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛   𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒  𝑡𝑜  𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒  𝑐𝑜𝑛𝑡𝑟𝑜𝑙,% =  

test  compound  RLU − (ave. negative  control  RLU)
ave. positive  control  RLU − (ave. negative  control  RLU)

∗ 100 

	
  

For	
  receptors	
  that	
  lack	
  positive	
  controls	
  (orphan	
  receptors),	
  activation	
  relative	
  to	
  baseline	
  (%)	
  is	
  
calculated	
  according	
  to	
  the	
  formula	
  below:	
  

	
  

𝐴𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛   𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒  𝑡𝑜  𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒,% = 
!"#!  !"#$"%&'  !"#
!"#.!"#$%&'$  !"#

∗ 100 
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Figure	
  1.	
  96-­‐well	
  DNA	
  map.	
  Green	
  wells	
  contain	
  a	
  YFP	
  plasmid	
  for	
  transfection	
  control.	
  Red	
  wells	
  
contain	
  non-­‐orphan	
  receptors	
  for	
  use	
  as	
  positive	
  assay	
  controls	
  (D2-­‐Tango	
  and/or	
  V2-­‐tango	
  
constructs).	
  Grey	
  wells	
  have	
  DNA	
  plasmids,	
  each	
  well	
  has	
  a	
  different	
  DNA	
  plasmid.	
  White	
  wells	
  
contain	
  transfection	
  reagents	
  only	
  for	
  use	
  as	
  a	
  negative	
  control.	
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Figure	
  2.	
  384-­‐well	
  DNA	
  plate	
  for	
  calcium	
  precipitation	
  and	
  transfection	
  (P1).	
  DNA	
  constructs	
  are	
  
transfected	
  in	
  neighboring	
  wells.	
  Green	
  wells	
  are	
  YFP-­‐transfected	
  wells	
  for	
  transfection	
  controls.	
  
Red	
  wells	
  are	
  assay	
  controls	
  with	
  cells	
  transfected	
  with	
  non-­‐orphan	
  receptors	
  and	
  stimulated	
  with	
  
their	
  cognate	
  ligand.	
  DNA	
  from	
  the	
  96-­‐well	
  plate	
  (p1)	
  is	
  used	
  to	
  transfect	
  rows	
  A	
  to	
  H.	
  DNA	
  from	
  a	
  
second	
  plate	
  (p2)	
  is	
  used	
  to	
  transfect	
  rows	
  I	
  to	
  P.	
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Figure	
  3	
  384-­‐well	
  drug	
  plate	
  design	
  for	
  stimulation.	
  White	
  wells	
  are	
  baseline	
  controls	
  with	
  assay	
  
buffer;	
  purple	
  wells	
  contain	
  drug	
  solution	
  (6	
  μM).	
  Columns	
  1	
  and	
  2	
  serve	
  as	
  negative	
  controls	
  to	
  
determine	
  drug	
  effects	
  on	
  non-­‐transfected	
  cells.	
  Red	
  wells	
  are	
  assay	
  controls	
  and	
  are	
  thus	
  
stimulated	
  with	
  cognate	
  ligands	
  (Quinpirole	
  for	
  D2	
  and	
  Vasopressin	
  for	
  V2).	
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SUPPLEMENTARY	
  NOTE	
  3.	
  
	
  
Heat map of responses of 133  targets to 1 µM concentrations of 
fluoxetine or LSD, with agonist activity shown in red. 
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