N-terminus

H10 S20 S30 Cc40 E50
MC4R 1 MVNSTHRGMHTSLHLWNRSSYRLHSNASESLGKGYSDGGCYEQLFVSPEQFVT
MC1R 1 ~~~~MAVQGSQRRLLGSLNSTPTAIPQLGLAANQTGARCLE~VSISDG|RFLS
MC2R 1 MKHIINSYENINNTARNNSDCPR~VVLPEEQUFFT
MC3R 1 ~~~MNASCCLPSVQPTLPNGSEHLQAPFFSNQSSSAFCEQ~VF IKPEJYF LS
MCS5R 1 MNSSFHLHFLDLNLNATEGNLSGPNVKNKSSPCED~MG IAVEFLT
CB1R 1 MKS I LDGLADTTFRTITTDLLYVGSND IQYED IKGDMASKLGYFPQKFPLTSFRGSPFQEKMTAGDNPQLVPADQVNITEFYNKSLSSFKENEENIQCGENFMDIECFMVLNPSQQLAITAV[ESLT
CB2R 1 M N N N N N N N N N N N S N N N N N N N N N N N N NN NN NN NN NN N~~~
S1PR1 1 ~ ~
pP2y12 1 ~ ~
LPA1 1 ~ ~
GPR84 1 ~ ~
5-HT4 1 ~ ~
A1AR 1 ~ ~
A2AR 1 ~ ~ MP IMGSSVYIT
A3AR 1 ~ ~ MPNNSTALSLANVTYIT
ADRA1 1 ~ ~
ADRB3 1 ~ ~
ATIR 1 ~ ~
AT2R 1 ~ ~
B2AR 1
B1R 1
bovOPSD 1 ~ ~
C5aR 1 ~ ~
CCR4 1 ol -
CMKLR1 1 ~ ~
D3R 1 ~ ~
DOR-1 1 ~ ~
ETaR 1 ~ ~
ETbR 1 ~ ~
FFAIR 1 ~ ~
GHSR1a 1 ~ ~ MWNATPSEEPGFNLTLADLDWDASPGNDSLGDELLQLFPAPLLAGVTATCVA)
H1R 1 ol . MSLPNSSCLLEDMCEGNKTTMASPQLMPLVVIJLST
H2R 1 ol i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 2 e e e e e e e e e MAPNGTASSFCLDSTACKITITV(JLAV
KOR-1 1 ~ ~ MDSPIQIFRGEPGPTCAPSACLPPNSSAWFPGWAEPDSNGSAGSEDAQLEPAHISPAIPVIITAJYSV
M1R 1 ~ N e e e e e e e e e e e e e 0 e e e e e e e e e e e e e e MNTSAPPAVSPNITVLAPGKGPWQVAFIGITTGL
M3R 1 ~ ~ ~MTLHNNSTTSPLFPNISSSWIHSPSDAGLPPGTVTHFGSVNVSRAAGNFSSPDGTTDDPLGGHTVWQVVFIAFTGI
MOR-1 1 ~ ~ ~MDSSAAPTNASNCTDALAYSSCSPAPSPGSWVNLSHLDGNLSDPCGPNRTDLGGRDSLCPPTGSPSMITAITIMA[RYS |
NK1R 1 ~ ~
NOPR 1 ~ ~
OXTR 1 ~ ~
PROKR1 1 ~ . METTMGFMDDNATNTSTSFLSVLNPHGAHATSFPFNFSYSDYDMPLDEDEDVTNSRTFFAAKIVIGMALVG
PROKR2 1 ~ e e e e e e e e e e e e e e e e e e e e e MAAQNGNTSFTPNFNPPQDHASSLSFNFSYGDYDLPMDEDEDMTKTRTFFAAKIVIGIALAG
SS1R 1 ~ ~ MFPNGTASSPSSSPSPSPGSCGEGGGSRGPGAGAADGMEEPGRNASQONGTLSEGQGSAILISF
TAAR1 1 ~ e e e e 0 e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 MMPFCHNI INISCVKNNWSNDVRASLYS
TRH-R1 1 ~ ~ ~MENETVSELNQTQLQPRAVVALEYQVVTIL
UTR2 1 ALTPESPSSFPGLAATGSSVPEPPGGPNATLNSSWASPTEPSSLEDLVATGTIGTALSALIG
ViaR 1 ~ ~MRLSAGPDAGPSGNSSPWWPLATGAGNTSREAEALGEGNGPPRDVRNEELAKLE IA{LAVTFAJANYIN- s sSTANLAMHRTPK ~TH 84

N1-50

Fig. S12a-e: Sequence alignment of 47 human class A GPCR. Highly conserved positions according to the unifying Ballesteros and
Weinstein numbering scheme * are indicated by respective numbers below the alignment. The structural dimensions of each MC4R
transmembrane helix (TM) or inter-connecting loops (IL = intracellular loop; EL = extracellular loop) are indicated above the sequences,
as well as numbers for the MC4R sequence. The alignment was visualized using the software BioEdit °. Specific background colors
indicating conservation (Blossum62 matrix) and reflecting chemical properties of the amino acid side chains: black, proline; blue,
positively charged; cyan/green, aromatic and hydrophobic; green, hydrophobic; red, negatively charged; gray, hydrophilic; dark red,
cysteines; and magenta, histidine.



T™M2

missing MCR cysteine
at position 3.25 L1333:36 T1503-53
[ [

EL1 short MCR EL2

D90 E100 T110 2 C1
MC4R 78 c MAACLIN]SMSNGSETIVITMLNST~DTDAQS[EATVN VK A 188
MC1R 72 183
MC2R 58 169
MC3R 72 183
MC5R 70 pmyF[Wc AVAGTIRY s(Us sawe T 1 T1 Y[ UNNKHLV 1ADAAVRH {ONF D s[T1 clisifiv AR c s ADANTEY ARl F YA Y HH im~~ ~ AR G AIIAG VA FCTGC I VFIRBY Sk~~~ ~~~~~ 181
CBIR 151 PSYH G ENAVIALYNNG S\ 1 FVYSFIDFHIFH~~~~~~~ R 267
CB2R 68 PSYLIGEMAGARIIRASIVFACSFUNFHIFH~~~~~~~ ~~~~CSEL 182
stPR1 79 PMY Y[ lIG BAELINNAGIA Y TANI LLSGATT~~~~~~~ ~~TVLPLY 198
P2Y12 58 A ~SFLKSEF 182
LPA1 83 ~NREVVAEV VI ~~~~~snm 198
GPR84 54 Lo~~~ A SR AKGIVVSTVASFAELWPIYILVPVVCTCSF~~- 171
5.HT4 54 ASLYR T s Mo vy TirEEEF Hc c LY viEliccapLv YRNKkM~~ip L1 ARG 6 c[U\AR T FISF LPLJQGWNN 1G 1 IDL 1 EKRKF ~~~~~ Naususrvcv 185
A1AR 43 1pL EPVIKCEFEK 173
A2AR 40 IPF GEGQVACLFED
A3AR 46 MPLRA IVVS[EG I ~~~~~~~~
ADRA1 130 LPF
ADRB3 71 VPP
ATIR 62 PLW
AT2R 78 PLW MAFPPEKY 204
B2AR 67 VPF YANETCCD
BIR 7 PFW
bovOPSD 71 FTT
C5aR 70 PIL
CCR4 73 PFW
CMKLR1 71 PIH L7 S sERIC IR L L[%ws o
D3R 63 MPW YL (Y1 S 1 DR Y| vmuvqnsrcoscnv.\u
DOR-1 83 PFQPAKYLJE~~~~~~~
ETaR 14 LPI
ETbR 135 1PIRVYKLMAE~~~~~~
FFATR 40 PLK ~~~LEAWD 175
GHSR1a 77 PLD ~RPTEFAV 205
HIR 60 MPM ETD 182
H2R 52 (NI NEGALLPF
KOR-1 93 WARYTTTMPF Q)
M1R 59 MN L
M3R 102 MN L
MOR-1 104 PFQ
NK1R 66 TVV A
NOPR 85 PFABTD I LG ~~~~~~~ F Gl A GSAQVEDEEIEC
OXTR 73 viLp HIFSLREVADGVFDC~
PROKR1 96 CPF ISAYFTTETVLVIVKSQEKIFC~~~~ GQIWPVDQ 225
PROKR2 87 CPF A IJSAYFATETVLF IVKSQEKIFCG~~~ ~QIWPVDQ 216
SS1R 92 PELYTSTLMRH~~~~~~~ : FSRTAANSDGTVAC~ ~~~ NMLMPEPA 216
TAAR1 57 MP Y LELNFKGAEE I YYKHVHC~~~ ~~~RGGCS 183
TRHR1 59 GLP VVLCITVQY T LLDLNISTYKDAIVISC~~~~~ ~~~GVKIS 184
UTR2 85 PF 1 L AMRLVRRGPKSLCLP ~~~~~~~mmmmmm i mm 204
ViaR 85 vLP VFSMIEVNNVTKARDC ~~~~~~~ ~~~wnr |o 209

D250

Fig. S12b
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M2005-50

EL2 TM5 [ IL3
S190
MC4R savlicLgT
MC1R AvlLcLllivr
MC2R PTITFTSL
MC3R mvilvcL™™
MC5R LcLfismidF A
CB1R 268 FPHIDETY[MMFWIGV T sV yA
CB2R 183 FPLIPNDY[LsWLFJAH
S1PR1 199 HKHYILFCTTVFTLL{L
P2Y12 183 GLVWHEIVNYICQV I3
LPA1 199 APLYSDSY[MvFEwWA 1 FNLNTIARI VY L
GPR84 172 RIRGRPYTTILMGIY
5.-HT4 186 FMVNKPYAITCS[vVA
AAR 174 VISMEYMVYFNFFVWVL
A2AR 171 VVPMNYMVYFNFFACVLIINNEY GV
A3AR 171 VMRMDYMVYF SF[IT
ADRA1 243 ITEEAGYAJFssilics
ADRB3 198 FASNMPYV[JLSSSVS
ATIR 189 STLPIGLGTKN[JLG
AT2R 205 AQWSAG I AfIMkNIILG RKHELKTNSYGKN~
B2AR 193 FFTNQAYAQASSHV S FQEA[IRQLQK IDKSEGRFHVQNLSQVEQD ~~~~
BIR 196 EAWHFARIWELN[JLG TREEVSRTR ~——~

bovOPSD 197 ETNNESFVHYMFUVH EAAAQQQ~ ~—
C5aR 196 KRRERAVAIVRL{LG ~~~~
CCR4 196 TTWKVLSS[HE INULG
CMKLR1 212 YSRHMVVTYTRF|ECG
D3R 182 ~ISNPDFVHYSSUVS
DOR-1 207 WYWDTVTKEICVF[RFA

ETaR 249 EFYQDVKDWWLFGFY)
ETbR 267 QF YKTAKDWWLF SF Y|
FFAIR 176 PASAGPAR[ISLSMLL
GHSR1a 206 RSGLLTVM
HIR 183 FYDVTWFK
H2R 176 VQVNEVYG
KOR-1 220 SWWD L FMK|
M1R 182 FLSQPIIT
M3R 225 FLSEPTIT
MOR-1 228 WYWENLLK|
NK1R 190 KIYEKVYH

PROKR1 226 QLYYKSYF
PROKR2 217 QLYYKSYF
SS1R 217 QRWLVGF V]
TAAR1 184 VFFSKISG
TRH-R1 185 RNYYSP 1Y
UTR2 205 PRAHRAYLTLLFATS
ViaR 210 PWGSRAYVTWMTGG |

Fig. S12c¢



IL3 EL3
230 N240
MC4R 227 ~~~VLPGTGA IRQGANMLIGH | YISCPQN~~~~
MC1R 222 ~~RLHKRQRPVHQGFGL[IGAV |vlcpsn~— ~
MC2R 208~~~ e HCPSN~~~~
MC3R 222 ~ALPPADGVAPQQHSCMEIGAV IITCPTN~~~~
MC5R 220 ~ALP~~GASSARQRTSMEGAV MHLTMLSCPON~~~~
CB1R 313 ~~~QKS 11 IHTSEDGKVQVTRPDQARMD I[JL A IMIYDVEAGKMN ~ ~ ~ ~
CB2R 228 RQVPGMARMR LD VL ALMAHSLATTLS -~~~
S1PR1 242 e e e m o~~~ ~KASRSSEKSLALL MDVGCKVK~~~~
P2Y12 225 e~~~ ~~~VGKVPRKEAVNV YTESQTRDVFD
LPA1 241 s~~~ ~~~~~~HSSGPRRNRDTMMS L L ~
GPR84 214 ~~YKLRQAS IHSNHVARTDEAMPGRFQELDSRLASGGPSEGISSEPVSAATTQTLEGDSSEVGDQINSKRAKQMAEKSPPEASAKAQP IKGARRAPDSSSEFG[JV| ~
5.HT4 226 ~QMLQRAGASSESRPQSADQHSTHRMRTE T[{A ~
A1AR 215 ~~SASSGDPQKYYGKE L[Y ~
A2AR 220~ ARSTLQKEVHA ~
A3AR 211 SSLSNSKETGAF YGREFT ~

AT1R 228 pvi#iQLG 1 IRD

AT2R 247 pAlAWMGV INS

B2AR 251 HVlQDN L ~~~~

BIR 239 eF[IFQVQAVRG

bovOPSD 238 IFTHQGS ~~~~

C5aR 233 VVFE£WPV|M SLEPS~—~~
R4 230 ARV LG U ANV L e TlivELEVLQD

CMKLR1 249 —-LAKTKPFIVTIT LAHTLN|MRE LHHTAM~ ~ ~ ~

282 A

DOR-1 248

ETaR 288

ETbR 306

FFATR 213 ~m s~

GHSR1A 248~~~ ~ ~ ~ ~ e~

HIR 333 DEQGLNTHGASE | SEDQMLGDSQSFSRTDSDTTTE~~~~~~~~~~~

H2R 21

KOR-1 261

M1R 264

M3R 375

MOR-1 2

NK1R 231

NOPR 250

OXTR 236

Fig. S12d




MC4R
MC1R
MC2R
MC3R
MC5R
CB1R
CB2R
S1PR1
P2Y12
LPA1
GPR84
5-HT4
A1AR

A3AR
ADRA1
ADRB3
AT1R
AT2R

274
270
248
271
267
372
274
285
270
287
348
288
263
262
259
378
321
274
290
302
284
281
271
276

313
304
300
280
295
288
321

92981“

1291742
IL3 TM7 helix 8
{ K310 Y320 S330
~~PYCVCFMSHFN[EYLI[§I LCDLSSRY~~~~
--PTCGCIFKNFNHFLALI ~
~~PYCACYMSLFQUNGM[I
~~PYCICYTAHFNTYLV[§I AR S LIFMEIN TEAEIRBCGCNGMN LG ~~ ~ ~
LYCSRFMSHFN AR S Q[EMEK TIREIMICCRGFRIACSFPRRD ~~~~
~~KLIKTVFA VAR s K IMEH A S[3S[1 3P SCEGTAQP LDNSMGD SDCLHKHANNAASVHRAAESCIKSTVK IAKVTMSVSTDTSAERL~~~~
~~DQVKKAFA AR SG[NYS SAHHC[NAHWKKCVRGLGSEAKEEAPRSSVTETEADGK I TPWPDSRDLDLSDC~~~~

~~~~TCDILFRAEYFLV|S | UTITNK[EMER AR I RPLUSCCKCPSGDSAGKFKRP | IAGMEF SRSKSDNSSHPQKDEGDNPETIMSSGNVNSEHS ~~~~
C~TAENTLFYVKESTL LJACIH R (FIALCKSFEINS[N1 SUABKCPNSATSLSQDNRKKEQDGGDPNEETPM~~~~

TLEVIE AR A YR IREHoT /A MIR SHVLRQQEPFKAAGTSARVLAAHGSDGEQVSLRLNGHPPGVWANGSAPHPERRENGYALGLVSGGEHMQESQGN TG LR
ALEMU ERRA AYK | KKIAE T /L LENSKACVVCHPSDSLDTS IEKNSE~~~~

FLE L EARE (pcs SRELIRAFLR|[NERCQCRRRRRRRPLWRVYGHHWRASTSGLRQDCAPSSGDAPPGAPLALTALPDPDEEPPETPEMQAPVESRRKPPSAFRE
ALBA L LARRICRS ~PANS A JJRIBECRCGRRLPPEPCAAARPALFPSGVPAARSSPAQPRLCQRLDGASWGVS ~~~~

FLUICIR LN 2 (G ALGKKARY A LQIREKY I PPKAKSHSNLSTKMSTLSYRPSDNVSSSTKKPAPCFEVE~~~~

TLRC\E IS AR ICIAVGNRIZCQK|NHS\UARVP | TWLQGKRESMSCRKSSSLREMETFVS ~~~~

viEG I AR ICRS ~PE R A E[MIC LRRSSLKAYGNGYSSNGNTGEQSGYHVEQEKENKLLCEDLPGTEDFVGHQGTV[EISDN IDSQGRNCERINDSLL~~~~
TLE S EARL (VAVGR LEATKVWE[AYKQCTPKSLAP I SSSHRKE I FQLFWRN ~~~~

TEHAVYLEAAR { IMMNKEINCMY TTICCGKNPLGDDEASTTVSKTETSQVAPA~~~~

ILCCHULARE(VVAGQGHEGR KSISAPSLLRNVLTEESVVRESKSFTRSTVDTMAQKTQAV ~~~~

VLICCIR AR (F ALGEKIANK YHILQIE K TCRGLFVLCQYCGLLQIYSADTPSSSYTQSTMDHDLHDAL~~~~

TADRICUL LRRE (VIEMGQU MK F KVAIRSSRLVNALSEDTGHSSYPSHRSFTKMSSMNERTSMNERETGML ~~~~

GFEPFSQRKLSTLKDESSRAWTESSINT~~~~

HIRS ~~~~
CCRLANRNSHKTSLRSNASQLSRTQSREPRQQEEKPLKLQVWSGTEVTAPQGATDR~~~~
CFPLKMRMERQSTSRVRNTVQDPAYLRD IDGMNKPV ~~~~
LCRWDKRRWRKIPKRPGSVHRTPSRQC ~~~~
LCQCDKKKRRKQQYQQRQSVIFHKRAPEQAL~~~~

ALDE[JACIAKACCASALRRDVQVSDRVRS IAKDVALACKTSETVPRPA~~~~
s LU cd W MF TG INFHEMVQREALCCSASYLKGRRLGETSASKKSNSSSFVLSHRSSSQRSCSQPSTA~~~~

SQKIAHAA ARKIECNCKQKPTEKPANYSVALNYSV IKESDHFSTELDDITVTDTYLSATKVSFDDTCLASEVEIFSQS~~~~
LTRLAAHDHIYRAGRIURGPGSGGGRGPVPSLQPRARFQRCSGRSLSSCSPQPTDSLVLAPAAPARPAPEG[JRAPA~~~~
~~~WTESENPTITHTAL[§S]S W FSGLISLQDCVAQS[ZPCCONMKEKFNKEDTDSMSRRQTFYSNNRSPTNSTGMWKDSPKSSKS IKF IPVST~~~~

Fig. S12e

332
317
297
323
325
472
360
382
342
364
396
388
326
382

496
408
359
363
413
353
348
350
360
37
400
372
427
442
300
366
486
359
380
460
590
400
399

389
393
384
391
339
398
389
418



