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Supplementary Fig. S1 | MCH-MCHRI1-G; complexes purification and cryo-EM data
processing. Related to Figure 1. a, Profiles of size-exclusion chromatography elution (left) and
SDS-PAGE analysis (right) of MCH-MCHRI1-G; complexes. Black arrow refers to complex
monomer. b,c, Representative cryo-EM images (b) and 2D classification (¢) of the MCH-MCHR1-

Gi complexes. d, Workflow of cryo-EM single particle analysis of the MCH-MCHR1-G; complexes.



e, Fourier shell correlation curves of the MCH-MCHRI1-G; complexes. f, Fourier shell correlation

curves between model and map of MCH-MCHR1-G; complexes using Phenix.
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Supplementary Fig. S2 | MCH-MCHR2-G, complexes purification and cryo-EM data

processing. Related to Figure 1. a, Profiles of size-exclusion chromatography elution (left) and

SDS-PAGE analysis (right) of MCH-MCHR2-G, complexes. Black arrow refers to complex

monomer. b,c, Representative cryo-EM image (b) and 2D classification (¢) of the MCH-MCHR2-

Gq complexes. d, Workflow of cryo-EM single particle analysis of the MCH-MCHR2-G4 complexes.

e, Fourier shell correlation curves of the MCH-MCHR2-G4 complexes. f, Fourier shell correlation

curves between model and map of MCH-MCHR2-G4 complexes using Phenix.
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Supplementary Fig. S3 | Density maps of MCH-MCHR1-G; and MCH-MCHR2-G,4 complexes.
Related to Figure 1. a, Depicts the representative resolution map of TM1-TM7 and helix 8 of
MCHRI, as well as the aN helix and a5 helix of Go; within the MCH-MCHR 1-G; complexes. b,
Depicts the representative resolution map of TM1-TM7 and helix 8 of MCHR?2, along with the aN

helix and a5 helix of Gog within the MCH-MCHR2-G, complexes.
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Supplementary Fig. S4 | Mutagenesis data of key residues in the ligand binding pockets of
MCHRI1 and MCHR2. Related to Figure 2 and 3. a, Effects of mutations in the binding pocket
of MCHRI1 by Glo-sensor cAMP assay. b, Effects of mutations in the binding pocket of MCHR2
by IP-one accumulation assay. ¢, Comparison of the efficacy of MCH-activated MCHR1 in coupling
with Gj and Gq. d,e, Effects of mutations and truncations of MCHR1 and MCHR2. f, The expression
level of mutations and truncations of MCHR1 and MCHR2.The response data was normalized by
WT receptor within each individual experiment. Data from three independent experiments, each of

which was performed in triplicate, are presented as mean + S.E.M. Statistical differences were



determined by two-sided one-way ANOVA with Tukey’s test compared with WT. n.s. no significant

difference; ****P < (0.0001.
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Supplementary Fig. S5 | Sequence alignment of the key MCH-binding residues between



MCHR1 and MCHR2. Related to Figure 2, 3 and Supplementary Fig.4.

The sequence alignment of the key MCH-binding residues between MCHR1 and MCHR2 was
created by Clustal W website and the graphic was drawn by the ESPript 3.0 website. The key MCH-
binding residues of MCHR1 was indicated by the light-salmon circles and the key MCH-binding
residues of MCHR2 was pointed by the teal triangles. TM1-7 and helix8 are shown by columns
under the sequences. Colors represent the similarity of residue: red background, identical; red text,

strongly similar.
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Supplementary Fig. S6 | Sequence alignment of MCHR1, MCHR2, SSTR2 and V2R. Related

to Figure 7.

The sequence alignment of MCHR1, MCHR2, SSTR2 and V2R was created by GPCR databank

and the graphic was drawn on the ESPript 3.0 website. TM1-7 and helix8 are shown by columns

under the sequences. Colors represent the similarity of residue: red background, identical; red text,

strongly similar.
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Supplementary Fig. S7 | Conformational comparison of AlphaFold2 models with cryo-EM
structures. a, Structural superposition of the AlphaFold2-predicted models and the MCH-
activated MCHR1 and MCHR?2 cryo-EM structures. b, d, Top view of the structural alignment
between AlphaFold2-predicted models and cyro-EM structures of MCHR1(b) and MCHR2(d).c,
e, Comparison of two ligands from AlphaFold2 models with cryo-EM structures of MCHR 1(¢)

and MCHR2(e).



Supplementary Table S1. Cryo-EM data collection, model refinement and validation

statistics.

MCHR1 MCHR2
Data collection and processing
Magnification 105K 165K
Voltage (kV) 300 300
Electron exposure (e/A?) 50 50
Defocus range (um) -0.8t0-1.8 -0.8t0-1.8
Pixel size (A) 0.824 0.73
Symmetry imposed C1 C1
Initial particle images (no.) 32,120,445 14,206,080
Final particle images (no.) 393,333 879,702
Map resolution (A)

FSC threshold 0.143 0.143
Map resolution (A) 3.01 2.40
Refinement
Model resolution (A) 3.1 2.7

FSC threshold 0.5 0.5
Model-Map CC (mask) 0.84 0.75
Model composition
Non-hydrogen atoms 8814 8287
Protein residues 1147 1055
B factors (A2)

Protein 53.96 33.83
R.m.s. deviations

Bond lengths (A) 0.002 0.002

Bond angles (A) 0.4463 0.449
Validation
MolProbity score 1.43 1.44
Clash score 5.16 4.91
Rotamer outliers (%) 0.32 0.22
Ramachandran plot

Favored (%) 97.16 96.93

Allowed (%) 2.84 3.07

Disallowed (%) 0 0




Supplementary Table S2. Interaction of MCH with key residues in the ligand-binding pockets

of MCHRI1.

MCH MCHR1 Interactions

Leu5 P354Ects Hydrophobic interaction
F256502

Arg6 Hydrophobic interaction
P354ECL3
L172264

Met8 Y3627 Hydrophobic interaction
136673

Leu9 Y3627% Hydrophobic interaction
Y3416.51

Gly10 Hydrophobic interaction
Y3627.35
F1612% Hydrophobic interaction
D1923%2 Electrostatic interaction

Arg11
Q19633 Side chain-side chain hydrogen bond
Y370743 Cation—-r interaction

Val12 12655C+2 Hydrophobic interaction
Q171283 Backbone-side chain hydrogen bond

Tyr13
L172284 Hydrophobic interaction

Pro15 1254ECL2 Hydrophobic interaction




Supplementary Table S3. Interaction of MCH with key residues in the ligand-binding pockets

of MCHR2.
MCH MCHR2 Interactions
Leu5 F1778C2 Hydrophobic interaction
D179Eck2 Electrostatic interaction
Arg6 V181ECt2 Hydrophobic interaction
G96ECH Side chain-backbone hydrogen bond
WQ3264
P280=Cs
Met8 Hydrophobic interaction
Y2857.32
Y2887.35
F1 86ECL2
L1 88ECL2
Leu9 V194535 Hydrophobic interaction
T1985.39
Y2887.35
Q271855 Backbone-side chain hydrogen bond
Gly10 Y 267651
Hydrophobic interaction
Y2887.35
H82253 Hydrophobic interaction
WQ3264 Backbone-side chain hydrogen bond
D1133.32
Electrostatic interaction
Q11723
Arg11
Y2887.35
Hydrophobic interaction
|2927.39
S$295742 Side chain-side chain hydrogen bond
Y296743 Cation—1r interaction
L892.60
Via12 C184FcL2 Hydrophobic interaction
F1865C-2
Q922.63
W932.64
G97ECL1
Hydrophobic interaction
S183ECL2
Tyr13
C184Ect2
A185E°2
F186E5CL2 Backbone-backbone hydrogen bond
Y2857-32 Side chain-side chain hydrogen bond
F186EC-2
Pro15 Hydrophobic interaction

L1 88ECL2




Supplementary Table S4. Comparison of crucial residues within the ligand-binding pockets

between MCHR1 and MCHR2.

MCH MCHR1 MCHR2
Leu5 P354EcLs F1778C2
F2565C12 D179ECL2
Arg6 P354EcLs V181ECL2
GQGECU
L172284 W93264
Met8 P28
Y3627-% Y2887
13667-% Y2857-32
F186ECcL2
L188ECL2
Leu9 V19453%
T198%3°
Y3627-% Y2887
Y3416 Y2675
Gly10 Q2718%°
Y3627-% Y2887
F1612%° Hg2253
WQ3264
D1923%2 D113332
Arg11 Q1963% Q1173%
Y2887
1292730
S§295742
Y370743 Y296743
L89g%e0
Val12 C184Ect2
12655C+2 F186ECcL2
Q171283 Q92263
L172264 WQ3264
G97ECH
Tyr13 sS85~
C184Ect2
A185E¢t2
F1865C-2
Y2857-32
Proi5 1254ECL2 F1865Ct2

L1 88ECL2




Supplementary Table S5. pEC50 values, Emax and the expression level of mutations of

MCH-binding pocket in MCHRI.

MCHR1 + MCH
Emax Expression
Mutant pECsy £ S.E.M. P Value
(% WT) + SEM (%WT) + S.EM
WT 7.62 £0.07 100 > 0.9999 100
F161253A 7.52 £ 0.01 124+ 1 > 0.9999 120 £2
Q171263A 4.93+0.13 57+6 < 0.0001 1033
L172264A 551+0.11 107 +£3 < 0.0001 93 3
D192332A 551+0.34 407 < 0.0001 120 2
Q1963-36A 7.24 £0.16 971 0.5299 120 +6
[254ECt2p 6.22 £0.11 98 +3 <0.0001 100 =3
F256FC-2A 7.22 + 0.06 106 £ 2 0.8732 77 x4
126545527 6.47 £ 0.07 883 0.0002 127 4
Y341851A 5.51 +0.13 97 +1 <0.0001 118 +6
P354ECL3p 6.56 + 0.13 109+1 0.0007 169 +5
Y3627-35A 6.07 £0.13 95+ 0 <0.0001 137 £3
136673°A 6.53 £0.12 905 0.0004 105 + 10
Y370742A NA 214 NA 122 +4

The response data was normalized by WT receptor within each individual experiment. Data from
three independent experiments, each of which was performed in triplicate, are presented as mean =+

S.E.M. NA, no activity.



Supplementary Table S6. pEC50 values, Emax and the expression level of mutations of

MCH-binding pocket in MCHR2.

MCHR2 + MCH
Emax Expression
Mutant PECs £S.E.M. P Value
(% WT) + SEEM (%WT) + S.EM
WT 8.50 £0.08 100 > 0.9999 100
H822:53A NA NA NA 131 +9
L89260A 8.04 £0.02 104 £ 2 0.1322 82+2
Q92263 5.04 £0.12 252 < 0.0001 87 £6
WO3264A 5.22 +0.06 911 < 0.0001 78 £4
G96ECHA 7.81 +£0.03 96+ 0 0.0012 106 £7
G97ECHIA NA NA NA 116 £12
D113332A 5.69 +0.09 1012 < 0.0001 85+2
Q117336A 7.97 £0.06 96 + 2 0.0352 102 +6
F177ECR2A 5.40 £ 0.07 97 +2 <0.0001 97 £4
D179ECR2A 5.89 £0.10 85+0 < 0.0001 165 +11
V181ECL2A 7.27 £0.07 9%6+1 <0.0001 931
S183FC2A 6.64 +0.04 95+1 <0.0001 103 £2
C184Fctep NA NA NA 1157
A1854551\W NA NA NA 95+ 6
A185%551F 4.90 £0.19 9% 1 < 0.0001 117 =7
F1864552A 7.15+0.09 980 < 0.0001 146 £7
L188ECL2A 7.26 £0.07 101+1 < 0.0001 731
V1945354 7.48 £0.23 981 < 0.0001 168 +3
T19853%A 7.16 £ 0.07 93+2 < 0.0001 108 £4
Y267651A 6.70 £0.02 92+1 < 0.0001 126 +4
Q271555A 7.56 +0.06 1011 < 0.0001 90 +2
P280EC-SA 6.74 £0.09 90£2 < 0.0001 122 +7
Y2857-32A 7.51+0.24 9212 < 0.0001 165 £5
Y2887-35A 5.91 £0.03 8412 < 0.0001 96 £5
12927-39A 6.89 +0.17 92+2 < 0.0001 117 +4
S295742A 6.63 £0.04 81+2 < 0.0001 162+ 5
Y296743A NA NA NA 166 + 10

The response data was normalized by WT receptor within each individual experiment. Data from
three independent experiments, each of which was performed in triplicate, are presented as mean =+

S.E.M. NA, no activity.



