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Table S1. Binding affinities from site directed mutagenesis studies on histamine
receptors and crystallized aminergic GPCRs (see separate excel file). The 2D
structures of all the compounds are depicted in Figures 3 and S7. The single-letter
amino acid codes indicated in the grey rows are the human wild-type residues. *SDM
study on guinea pig H,R."Only functional SDM data available for histamine (8) in
H,R. °“SDM study on rat M;R.



Table S2. Aminergic GPCR crystal structures available in the PDB

Resolution Release date PubMed ID
M;R
3UON 3.0 2012-02-01 22278061
M;R
4DA) 34 2012-02-22 22358844
B1AR
2VT4 2.7 2008-06-24 18594507
2Y00 2.5 2011-01-12 21228877
2Y01 2.6 2011-03-30 21228877
2Y02 2.6 2011-01-12 21228877
2Y03 29 2011-01-12 21228877
2Y04 3.1 2011-01-12 21228877
2YCW 3.0 2011-06-01 21540331
2YCX 3.3 2011-06-01 21540331
2YCY 3.2 2011-06-08 21540331
2YCZ 3.7 2011-06-01 21540331
4AMI 3.2 2012-05-23 22579251
4AM) 2.3 2012-05-23 22579251
4GPO 3.5 2013-02-27 23435379
B2AR
2R4R 3.4 2007-11-06 17952055
2R4S 34 2007-11-06 17952055
2RH1 2.4 2007-10-30 17962520
3D4S 2.8 2008-06-17 18547522
3KJ6 3.4 2010-02-16 20054398
3NYS8 2.8 2010-08-11 20669948
3NY9 2.8 2010-08-11 20669948
3NYA 3.2 2010-08-11 20669948
3P0G 3.5 2011-01-19 21228869
3PDS 3.5 2011-01-12 21228876
3SN6 3.2 2011-07-20 21772288
D;R
3PBL 29 2010-11-03 21097933
H.R
3RZE 3.1 2011-06-15 21697825




Table S3. The number of ligands for which the activity for both receptors is known
(as annotated in the ChEMBL)

= = = = "5 “o ; ,3; =
hH,R - 246 107 57 100 91 80 78 172
hH,R 246 - 92 45 77 74 66 66 113
hH;R 107 92 - 280 10 8 4 3 18
hH,R 57 45 280 - 5 5 5 4 6
hM,R 100 77 10 5 - 789 83 83 121
hM3;R 91 74 8 5 789 - 84 94 111
hB,AR 80 66 4 5 83 84 - 628 122
hB,AR 78 66 3 4 83 94 628 - 116
hD;R 172 113 18 6 121 111 122 116 -

Table S4. The percentage (%) of the pairwise sequence identity between the TM
domains of the histamine receptors as well as the aminergic receptors with a crystal
structure available. The gradient from blue to white to red indicates a low to high

sequence similarity.
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Figure S1. Full sequence alignment of the histamine and all crystallized aminergic GPCR receptors.
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TS LLA|JLVLMALY YOQQTFIDVCTTI|II SP|IACT|DHYTYSTTFA ATFT Y|FWFTFATL|IPTGATIN
LVLIT|LVMISMYT|VWILDTIOCTTI|I SPIECV|HIYTYSTVATFT Y|FWTPFTFSMHLTFTDTFT
LALIT|LVMTISAYT|LWLDTIOCTTI|I SP|IDCUL|QI Y TYSTCATFT Y|FWFTFSIL|HPFDTFT
ICLIT|LVMLSTIZYIJLWLDMCTTI|I SP|QCT|HVYTYSTULATFT Y|FWFTFETUV|SSADTLT
VSsSLLTILVMFSVYI|IVWLDTICTTI|I SP|ECTI|HISTYSTTFA ATFT Y|FWFTFETV|SESNTLA
S ATVTILVMYVSLTI|LWIDVSTTI|ISTI|sCL|IDDFVIGST FSTFTF|FWFTFNA|IGLNTFUV
AAIVT|FVMIALTTI|LWLDVSTTI|IAV|TCV|FGFMTFGSILATFTF|FWFTFNIL|LQLTETFUV
PAIIT|ILVMLSLATI|LWIDVSTTI|VS I|TCV|[DPFVIGST FATFTF|FWFTFNS|MELNTFUV
LLLVA|LVMFGTIETL|FRTDVTTTI|I SP|]YCV|NKYATCSVATFT Y|FWFTFNUD|PGWTTFTL
I LLLT|LVMLSVHE|LWIDYVCTTI|I SP|ECOQEPYATFSTVATFT Y|FWFTFETS|PAIKST FTL
VALV TIVVMPALNA|LWTDVCSI|ASP|IQCR|SLFVVASGTTFTF|FWFTFNQOQ|SPFDLT
I GLIT|AVMFVVTD|FFIDVCTTI|ITZP|VCIL|DFYTYSTAATFT Y|FWFTFSTZ R|PLETRTFTL
IGTULT|F SMLYTTYUL|AWLDYSNV|ILWA|OC Y|P ITGTAMATFY Y|FWYNVS|PEWETG]Y
I VALT|FSMLYLYT|VWLDYSNVI|ILWA|EC Y|NAVTOGTATIATFY Y|FWYNVNPNWTGY
IATLT|I SMLFTYTI|AWLDYSNV|LWA|ECT F|EPITOGTATIA ATFY|FWYNTVN|PKWNGY
IATLT|F SMLYVYI|IVWLDYS SNV V|ILWA|QCT F|INPVTGTATIATFT Y|FWYNVN|PDWSGY
I ATV T|F SMLYTTYTI|AWLDYSNV|LWA|ECOQEPITOGTATIA ATFY Y|FWYNVS|PVWHSGY
LGLLG|TVLFSITFE|FWADVCTTI|ISP|ICOQEPYVF FSALSTFY|FWFTFMG|SETFZ KVTF
VGLFA|TVLFSALTE|FWADVCTTI|I SP|ECG|EPYAFSSLSTFY Y|FWFTFTLG|PDTFZ KVTF
VGLFA|TVLFSTME|FWADVCTTI|VS PIFCG|EAYATFSSVSTFY Y|FWFTFTLG|SETFZ KTITF
LVALT|LVIFSANE|WYLDVCTTI|I SP|IRCE|QKYVSSCTISTFTF|FWFTFTYT|PRTFIZI KTFTF
I AILT|LITIVFSANE|WYLDVCTTI|I SP|QCE K|EAYTIASSTISTFTF|FWFTFYG|PHTFOQTFTF
LAVLTILVMF SANE|WYLDVCTTI|I SP|QCG|ETYTISSCTISTFTF|FWFTFYY|PGFZ KT FTF
MGMTITI|LVVF FGTTIV|FWTDVVTTI|VSP|ICCDINRYAASSVSTFY|FWFTFNZI K|PDTFVTFN
M SMVIILVVFGTLV|LWTDVVTTI|VS PICCUDINRYAASSTISTFY Y|FWFTFNN|PDFVTFN
MGMTITI|AVV FGAHTI|IWWTDVVTTI|IT S P|ICCDINQYAASSTISTFY Y|FWFT FNIEHIREKTYTITLN
AGLAT|LVVPATLA|GWTDVVTTI|VS PICCAINMYVLSSSSTFY Y|FWFTFNT R|PGFULTULN
TALVLT|L VMW XKVAE|FWVDTISTTI|ISP|INCD[SRYASSSVSTFY Y|FWTFTFNTL|DSTFTDTFUV
YALLTI|LVMWVYULE|HFVDVCTTI|I SL|ECTI|INPFVYS SIS STFV Y|FWFTFHNPPYSTFT
YAYLI|LVMWVYZLE|CFVDVCTTI|VSIL|VCSINPFVYSSVSTFY Y|FWEFTFHN|SPYSTT
ALGLUV|LVLLTFYSE|LLMDVCTTI|VAV|VCR|DRYVYSSVSTFTF|FWFTFHZOQ|PPVSVT
TALVLT|L VMW XKVAE|FWVDTISTTI|ISP|INCPDINRYASSSLSTFY Y|FWTFTFNV|SETFTDTFUV
LVLIT|VVMMNLYZL|LWLDYSTTIIWVYVI|IKCE|VTFZXMTATINTFT Y|FWYTFTFTIINEHMMTTI
I TLLT|LVLFSTIZYQOQFYTDVCTTI|L S S|KCXI|NEYGVDGLTTFY|FWYTFTFTR|NEEAVTEL
LAMLT|FCIULYPYV|LWLDYCTA|L Y A|HC YJNWPF L TASTETFT F|FWYTMR|PDYESTF
LAMV I|JI S I LYPHT|IWLDYCTV|VNMETCTE|JEWTILTITS ST FETFV|FWYSTIUL|KSYRATF
LYMIT|LVMYSVRGS|FHETDTISSTI|FAMGTCS S|SKSGLTTFMSTFY Y|FWFTFTUD|PPNDTILTI
MYMST|TIMYSIRSGS|FYYDLSTITI|FAV|SCP|INKWGTILTFMGTFT F|FWCTFTITD|PVFDTLT
NVyYSsSP|VIMYSMRS|FHETDMRTLTI|FSIL|FCAINKWGTITLTFTOCTFT F|FWCTFVD|PILDTILYV
IYCGIILVLLSTIRS|LHETDTU CLTI|YTT F|SCQILNVFWWILNTFULTFTF|YWFTTTD|PPFDTFTI
LYFGA|TVMFSVRT|FHTDVCYZL|IY SV|GCQVNDNWILTUDTFSTFT F|FWYSSD|PAYETCSC
LYFGA|TVMFSVRT|FHSDVCYV|Y S V|IGCQVSGWZILTIDTFTZLTFT F|FWYTTITD|PAYETCSC
L YLGAJT VMFSVRGS|YHTDTCTFTUIL|Y S I|GC QJL NNWUILULCVFULTFUF|FWYTLAUDIPPYETLUV
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Figure S2. Sequence alignment of the selected pocket residues for all aminergic GPCR receptors.
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R. All B&W numbers are given

within the circles as well as the amino acids in H,R, all B&W positions within the TM helices that were mutated during single-point SDM

studies for the aminergic GPCRs from SI Table 1 are shown in orange. The most conserved residues (i.e. the numbers as indicated by <TM>.50

in the Ballesteros-Weinstein numbering scheme) are circled in green.
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Figure S3. Snakeplot (http://www ssfa-7tmr.de/ssfe/snakes/snakes
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Figure S4. Venn diagram visualizing the overlap between the ligands of H,R and all crystallized GPCR receptors according to ligand binding
data obtained from the ChEMBL.




Figure S5. A) front and B) bottom view displaying the changes in the orientation of
the TM helices of B,AR upon activation. The structure of the inactive (PDB-code
2RH1) and active and (PDB-code 3POG) B,AR structure are shown in red and light
blue respectively.



Figure S6. Venn diagram visualizing the overlap between the ligands of H,R, H,R,
M,R and M;R.



Figure S7. 2D structures for most of the ligands for which SDM data is annotated in
Table S1. The structures omitted here are depicted in Figure 3.
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