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Supplementary Table 1: ET-1-mediated activation of WT and mutant ETg receptors in
the G; dissociation assay. Data were collected through the G; dissociation assay in parallel.
pPEC;, and E,,, estimates represent average value and standard error of the mean (SEM),
respectively, from three to five independent experiments performed in duplicate or triplicate.
“N.D.” denotes cases where no activity was detected. @ 0) ad¢): Statistical differences from
wild type (100%), wild type (50%), and wild type (35%) were analyzed using ANOVA with
Dunnet’s multiple comparison of means test, respectively. Significance levels are indicated as

(****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05 vs. WT).

(a) Related to Fig. 2f.

corllsttEr;Ezcts PECs0 Emax Emax, OWT n r?eljgr\:aisEiZ?]R :
WT (100%) | 9.66 = 0.06 0.30 + 0.010 100 * 3.1 4 100 9
D198A (3.49) | 9.86 = 0.04 0.30 + 0.007” 99.7 £ 2.6 3 53.1 = 4.8 6
R199A (3.50) N.D. N.D. N.D. 3 83.2 £ 6.0 7
Y293F (5.58) | 9.39 + 0.18 | 0.05 * 0.005*+**¥ 55+ 1.7 3 75.6 £ 9.3 5
N382A (7.49) [ 9.53 + 0.23 | 0.04 = 0.005***) 25+ 1.8 3 529 * 1.7 5
(b) Related to Fig. 2g.

cor?s-l;?scts PECso Emax Emax, WT : rilfgr\:aisEiZ?\R n
WT (100%) | 9.13 = 0.05 0.26 *+ 0.007 100.0 * 3.0 4 100 3
L386Y (7.53) | 9.70 £ 0.16 | 0.04 = 0.004***+) 154 + 1.5 4 39.8 + 4.8 3
L386A (7.53) | 9.89 = 0.17 | 0.03 = 0.003**+*) 115 = 1.2 4 343 + 6.0 3
L386N (7.53) N.D. N.D. N.D. 3 29.0 + 2.3 3
L386V (7.53) [ 9.15 * 0.11 | 0.11+* 0.006****") 335+ 25 3 57.5 + 4.4 3
L3861 (7.53) | 8.84 = 0.07 | 0.15 = 0.005***2 49.6 = 2.1 4 99.1 * 4.9 3




(c) Related to Fig. 5a.

ETsR 0 relative ETgR
constructs PECso Emax Emax, WT n expression n
WT (100%) 9.66 £ 0.06 0.30 £ 0.010 100 = 3.1 4 100 9
WT (50%) 9.67 = 0.08 0.24 = 0.011 76.5 £ 4.0 3 66.0 £ 29.2 3
WT (35%) 9.70 = 0.07 0.20 = 0.008 629 £ 29 3 38.2 124 3

N134A (ICL1) | 9.60 = 0.06 0.18 + 0.005*° 546 £ 2.0 3 355 £ 15 4
S390A (8.47) | 9.43 = 0.08 0.11 + 0.005****C) 28.8 £ 1.8 3 415 £+ 3.8 4
(d) Related to Fig. 5b.

ETsR o relative ETgR
constructs PECso Emax Emax, YOWT " expression "
WT (100%) 9.66 = 0.05 0.29 = 0.008 100 £ 3.2 5 100 11

M296A (5.61) | 9.05 = 0.08 | 0.13 + 0.005%* | 362 + 2.0 3 91.5 + 1.9

M300A (5.65) | 9.18 = 0.11 0.15 + 0.009**** 46.9 £ 3.3 3 109.7 £ 14.0
V325A (6.37) [ 9.39 £ 0.08 | 0.20 = 0.009%***2) 63.5 = 3.3 3 895 =+ 11.9
(e) Related to Fig. 5c.

ETsR 0 relative ETgR
constructs PECs0 Emax Emax, OWT n expression n
WT (100%) 9.66 = 0.05 0.29 = 0.008 100 £ 3.2 5 100 11
H314A (6.26) | 9.59 = 0.06 0.27 = 0.009 90.2 £ 35 3 62.7 £ 6.4 3
R318A (6.30) | 9.31 = 0.06 0.26 = 0.009 88.2 £ 3.3 3 102.4 £ 16.2 3
T324A (6.36) | 9.53 = 0.06 0.23 = 0.008" 77.3 £ 3.0 3 714 £ 2.2 3
V389A (7.56) | 9.60 = 0.06 0.28 £ 0.009 96.3 + 3.6 3 69.6 £ 5.5 3
K391A (8.48) | 9.59 = 0.05 0.27 £ 0.008 91.2 £ 29 3 61.9 = 10.6 3
(f) Related to Fig. 5d.

Ga; constructs PECs Emax Emax, OWT n

WT 9.32 £ 0.05 0.30 £ 0.008 100 = 3.0 3
F354A (H5.26) 9.25 = 0.04 0.26 = 0.006** 87.8 £ 2.2 3
L353A (H5.25) 9.48 = 0.15 0.05 = 0.004**** 78 £ 1.6 3
G352A (H5.24) 9.02 £ 0.05 0.20 = 0.005**** 61.8 £ 1.9 3
C351A (H5.23) 9.20 £ 0.04 0.26 = 0.005*** 87.0 £ 19 3
D350A (H5.22) 9.40 £ 0.04 0.28 £ 0.005 922 £ 21 3
N347A (H5.19) 9.43 £ 0.04 0.29 £ 0.007 965 £ 25 3
K345A (H5.17) 9.06 = 0.06 0.16 £ 0.005**** 489 £ 1.9 3
D341A (H5.13) 9.51 £ 0.04 0.28 = 0.006 921+ 24 3




Supplementary Table 2: ET-1-induced activation of WT and mutant ET receptors in the G-
mediated CAMP accumulation assay. Data were collected through the cCAMP accumulation assay
in parallel. pECg, and E,,,, estimates represent average value and standard error of the mean (SEM),
respectively, from three to five independent experiments performed in duplicate. “N.D.” is used to
denote cases where no activity was detected. @:0).and): Statistical differences from wild type (75%),
wild type (50%), and wild type (25%) were analyzed using ANOVA with Dunnett’s multiple
comparison of means test, respectively. 9; Statistical difference from wild type (100%) was
determined using Student’s t-test. Significance levels are indicated as (****p < 0.0001, ***p <
0.001, **p < 0.01, *p < 0.05 vs WT).

(a) Related to Supplementary Fig. 10a

ETsR constructs pECso Emax, YOWT n rilf;rveessEi-anR n
WT 8.52 £ 0.03 999 = 14 5 100 3
N134A (ICL1) 8.79 £ 0.25 20.3 £ 2.2%%xxd) 3 80.2 £ 104 3
D198A (3.49) 8.95 + 0.16 48.2 = 3.5%xxd) 3 73.1 £ 34 3
R199A (3.50) N.D. N.D. 3 875 £ 11.7 3
Y293F (5.58) N.D. N.D. 3 90.4 £ 4.4 3
N382A (7.49) N.D. N.D. 3 63.9 £ 8.3 3
S390A (8.47) 8.89 + 0.86 2.9 = 1.1%%x0) 3 48.0 + 4.8 3
(b) Related to Supplementary Fig. 10b
ETgR constructs pECso Emax, YOWT n reelfrtjlrvei;—g?]R n
WT 8.39 = 0.05 99.7 £ 2.1 3 100 3
L386Y (7.53) 8.52 £ 0.29 4.9  0.6%**+0) 3 374 £ 2.0 3
L386A (7.53) 8.23 £ 0.31 2.9 & 0.4%+**C) 3 333 5.2 3
L386N (7.53) N.D. N.D. 3 36.1 £ 3.3 3
L386l (7.53) 8.60 + 0.13 25.8 + 1.3*++3) 3 78.0 £ 9.5 3
L386V (7.53) 8.40 £ 0.13 26.3 £ 1.4%*x+b) 3 58.6 £ 1.6 3




(c) Related to Supplementary Fig. 10c

relative ETgR

0,
ETgR constructs PECso Emax, YOWT n expression n
WT 8.52 + 0.03 99.9 *+ 1.4 5 100 3
M296A (5.61) N.D. N.D. 3 93.6 + 2.3 3
M300A (5.65) N.D. N.D. 3 747 £ 9.3 3
H314A (6.26) 8.69 + 0.11 85.9  4.1" 3 499 + 53 3
R318A (6.30) 8.31 + 0.15 17.2 £ 1.0%+x3) 3 79.0 £ 5.2 3
T324A (6.36) 8.54 + 0.08 39.4 £ 1200 3 91.8 + 8.6 3
V325A (6.37) 8.74 £ 0.20 8.3 £ 0.7%+**0) 3 50.3 + 8.5 3
V389A (7.56) 8.80 + 0.07 33.2 & 1. 1%+ 3 63.6 + 8.8 3
K391A (8.48) 8.59 + 0.07 69.3 £ 1.9%+ 3 67.8 £ 7.5 3
(d) Related to Supplementary Fig. 10d

WT ETgR PECso Emax, YOWT n

100% 8.21 + 0.09 97.2 + 3.7 3

75% 8.36 = 0.08 795 + 27 3

50% 8.54 + 0.11 492 £ 2.2 3

25% 8.77 * 0.16 19.8 + 1.4 3

0% N.D. N.D. 2

(e) Related to Supplementary Fig. 10e

ETgR constructs PECso Emax n

WT 8.46 = 0.05 10.15 *+ 0.17 3

vehicle N.D. N.D. 2




Supplementary Table 3: List of contacts between ETgR and Ga;.

Go, residue ETsR residue Type of interaction
1194531 1209'C-2 Nonbonded contact
T340512 W206'°-2 Nonbonded contact
D341M13 H3145:26 Nonbonded contact
R3186:30 Hydrogen bond
13431515 1209'CL2 Nonbonded contact
1344516 W206'°-2 Nonbonded contact
V203354 Nonbonded contact
N346MH5-18 K210'c2 Nonbonded contact
N347+519 A2023%3 Nonbonded contact
R208'°t? Hydrogen bond
1.348H5-20 V203354 Nonbonded contact
M300°%° Nonbonded contact
D350M522 N134'ctt Hydrogen bond with peptide backbone
K210'°t2 Hydrogen bond
C3517% P136%3° Nonbonded contact
R1993%0 Nonbonded contact
G352 L3863 Nonbonded contact
S390%47 Hydrogen bond with peptide backbone
3531525 R199%%0 Nonbonded contact
M296°-6 Nonbonded contact
V32163 Nonbonded contact
V325537 Nonbonded contact
V38976 Nonbonded contact
F354H526 Q31752° Nonbonded contact
V32163 Nonbonded contact
V389756 Hydrogen bond with peptide backbone
S390%47 Hydrogen bond with peptide backbone




Supplementary Table 4: Saturation binding using [*?°I]ET-1 and
HEK?293A cell membranes expressing each mutant protein. The K
values are presented as mean = SEM (pM), representing data from three
independent experiments conducted in duplicates.

ETsR construct Ka (pM)

WT 16.8 = 1.7
N134A'Ct! 14.0 + 2.4
D198A34° 14.9 + 1.0
R199A3° 15.5 £ 0.5
Y293F>8 15.2 = 0.3
M296A>5! 19.1 + 1.9
M300A>%° 17.3 + 4.0
T324M°®36 17.7 = 3.4
V325A537 17.3 £ 2.2
N382A"4° 15.1 + 1.1
S390A347 16.3 + 1.4




Supplementary Table 5: Frequency of hydrogen bond occurrence in
MD simulations.

runl run2 run3 all
D341H513-R3186-30 0.969 0.341 0.960 0.757
N347H519-R208g!cL2 0.200 0.010 0.005 0.071
D350M5-22-N134/ct1 0.654 0.419 0.138 0.404
F354H5.26.5390847 0.686 0.987 0.412 0.695
D1472-50-N382749 0.995 0.951 0.078 0.675
D147250-S379746 0.999 0.999 0.984 0.994

R1993:50-y293558 0.631 0.449 0.050 0.377




Supplementary Table 6: System setup of the MD simulations

System ET-1-bound ETgR-G;,
453 POPC,
64,293 TIP3P water,
0.15 M KCI
Total number of atoms 270,932
Simulation box 130 A X 130 A X 171 A
Number of simulations 3
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Supplementary Fig. 1: Structure determination of ET-1-ETgR-wild-type G,—scFv16 by cryo-
EM. (a) (left) Representative elution profiles of the ET-1-ETgR—wild-type G;—scFv16 complex on
a Superdex 200 Increase 10/300 GL gel-filtration column. The used fraction of column volume is
indicated by a cyan box. (right) SDS-PAGE of the purified ET-1-ETgzR—wild type G;—scFv16
complex. (b) A representative micrograph of the ET-1-ETgR—wild type G;—scFv16 complex. (c)
Representative 2D class averages from micrographs. (d) Image processing flow of 3D

classification and reconstruction. Angular distribution of reconstructed particles used in the final
refinement.
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Supplementary Fig. 2: Structure determination of ET-1-ET;R-DNG;-scFv16 by cryo-EM.
(a) (left) Representative elution profiles of the ET-1-ETg;R—DNG;—scFv16 complex on a Superdex
200 Increase 10/300 GL gel-filtration column. The used fraction of column volume is indicated by
a cyan box. (middle) SDS-PAGE of the purified ET-1-ETgR-DNG;—scFv16 complex. (right) The
uncropped gel image. (b) A representative micrograph of the ET-1-ETgR-DNG;—scFv16 complex.
(c) Representative 2D class averages from micrographs. (d) Image processing flow of 3D
classification and reconstruction. Angular distribution of reconstructed particles used in the final
refinement.



masked Map

08 map vs model

06—

04

Fourier Shell Correlation

T™M4

ET-1 H5 of Ga,

Supplementary Fig. 3: Cryo-EM densities and structural models in the ET-1-ETgR-wild-
type G;—scFv16 complex. (a) The overall structure of the ET-1 bound ETgR-wild-type G;
complex is represented in rainbow colors according to local resolution (shown in the color bar
on the right). (b) Fourier shell correlation (FSC) plots of the cryo-EM map (masked: black) and
the FSC plot of the model versus the final map (red) are superimposed. Global resolution
defined at FSC = 0.143 is 4.61. (c) Selected regions of the cryo-EM density superimposed on
selected regions of the refined model. The density maps are shown at a contour level of 4.5 c.
The color codes are the same as those in Fig. 1.
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Supplementary Fig. 4: Cryo-EM densities and structural models in the ET-1-ETgR-
DNG;-scFv16 complex. (a) Overall structure of the ET-1 bound ETgR-DNG; complex is
represented in rainbow colors according to local resolution (shown in the color bar on the right).
(b) Fourier shell correlation (FSC) plots of the cryo-EM map (masked: black) and the FSC plot
of the model versus the final map (red) are superimposed. Global resolution at FSC = 0.143 is
3.21. (c) Selected regions of the cryo-EM density superimposed on selected regions of the
refined model. The density maps are shown at a contour level of 4.0 . The color codes are the
same as those in Fig. 1.
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Supplementary Fig. 5: Cryo-EM densities and structural models after the 3D focused
refinement on the receptor in ET-1-ETgR complex. (a) Overall structure of the ET-1 bound
ETgR complex is represented in rainbow colors according to local resolution (shown in the
color bar on the right). (b) Fourier shell correlation (FSC) plots of the cryo-EM map (masked:
black) and the FSC plot of the model versus the final map (red) are superimposed. Global
resolution at FSC = 0.143 is 3.62. (c) Selected regions of the cryo-EM density superimposed on
selected regions of the refined model. The density maps are shown at a contour level of 4.0 c.
The color codes are the same as those in Fig. 1.



Supplementary Fig. 6: Structural comparison of the ET-1-ET;R-DNG;-scFv16
complex and the ET-1-ETgR-wild-type G;—scFv16 complex. (a) Side and top view
displaying the superposition of the ET-1 bound ETgR-DNG; complex (in green) with the
ET-1 bound ETgR-wild-type G; complex (in cyan). The overall RMSD of the Ca atoms
between them is 0.662. (b) Side and top view displaying the superposition of the ET-1
bound ETgR complexes (green for the ET;R-DNG;, cyan for the ETgR-wild-type G;, and
magenta for the focused 3D refinement on the receptor in the ETgR-DNG;). The overall
RMSD of the Ca atoms between ET-1 bound receptors compared to the reference receptor
model in the ETgR-DNG,; are measured at 0.391 for the ETgR—wild-type G; and 0.364 for
the focused 3D refinement of ETgR in the ET;R-DNG,;.
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Supplementary Fig. 7: Structural comparison of the ET-1-ETgR-DNG,;—scFv16 complex
with other GPCR-G complexes. (a) Side and extracellular top views showing the
superposition of the ET-1 bound ETgR-DNG; complex (green and magenta) with other GPCR-
G; complexes. The contact surface area between the receptor and G; subunit is as follows: 1132
AZ for ET;R-DNG;,, 1095 A2 for NTS1-G;, 1208 A2 for HOR-G,, 1146 A2 for CCKAR-G;, 910
A2 for CB1-G,, and 1426 A2 for S1P1-G;. (b) Side and extracellular top views showing the
superposition of the ET-1 bound ETgR-DNG; complex (green and magenta) with the GPCR-G,,
-G, and -G, complexes. The contact surface area between the receptor and G subunit is as
follows: 1327 A2 for BAR-G, 1365 A2 for CCKAR-G,, 1508 A2 for CCKAR-G,, 724 A2 for
OXTR-G, and 1038 A2 for M2R-G,,. Contact surfaces were calculated using AREAIMOL in
the CCP4 software suiteSt.
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Supplementary Fig. 8: Structural comparison of ETzR with other GPCRs. A comparison
of the activation-dependent inward movement of TM7 in ETgR and three GPCRs: pHOR-G;,
NTS1-G;, and CCKAR-G;. The active state of the N749P750xxY753 motif exhibits a similar
conformation but differs from that of the N7-49P7-50xx 1 7-53 motif, resulting in the creation of a
cavity (indicated by a dashed oval in (a)).
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Supplementary Fig. 9: G; dissociation assay of ETgR. (a) Presentation of G; dissociation
assay results for WT ETgzR at reduced levels of expression (%DNA transfected). WT (100%)
corresponds to the transfection of 200 ng of wild-type ETgR expression plasmid for one well of
a 6-well plate in G, dissociation assays, as described in the Methods section. (b) pECs, and E,,,,
estimates represent the average value and standard error of the mean (SEM), respectively,
derived from three independent experiments performed in duplicate. N.D. indicates no detected

activity.
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Supplementary Fig. 10: ET-1-induced activation of WT and mutant ETg receptors in the
G,-mediated cAMP accumulation assay. (a—c) G,-mediated cAMP accumulation activities of
mutant receptors. Three independent experiments were performed in duplicate. (d) Signaling of
reduced levels of WT ETgR (%DNA transfected) for G is presented. WT (100%) corresponds
to the transfection of 500 ng of ETgR expression plasmid for one well of a 6-well plate in the
CAMP accumulation assay, as described in the Methods section. The signals demonstrate a
nearly proportional relationship with the amount of expressed receptors in the cAMP
accumulation assays. (e) CAMP accumulation with increasing concentrations of ET-1 in the WT
(100%) and vehicle transfected cells are represented as normalized fold/basal.
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Supplementary Fig. 12: Time evolution of Ca RMSDs. The time evolution of Co. RMSDs is
presented in two context types. (a) The Ca RMSDs of ETgR, Go;, GB, and Gy are tracked
relative to their initial structures. (b) The Ca. RMSDs of ET-1 and C-terminal a5 helix of Go,
(residues 335-354) are monitored following the superposition of Ca atoms of ETgR onto the
initial structure.



TM5 missing TM6

e ————————E—————— e ——————— T
ETgR : KTAKDWWLFSFYFCLPLAI TAFFYTLMTCEMLR.KK.SGTﬂO.IAtNDHLKORREVAKTVFCLVLVFALCWLPLH
6VMS : NPAFVVYSSIVSFYVPFIVILLVYIKIYIVLRRRRKLVNTNRKLSQQKEKKATQLLATYLGLFIICWLPFF

Supplementary Fig. 13: Structural modeling of the missing region between TM5 and
TM6. (a) Sequence alignment of ETgR and D2 dopamine receptor (PDB ID: 6VMS). The
resolved and unresolved region are shown as a green line and magenta dashed line, respectively.
(b) The structure used in MD is colored as shown in (a). The intracellular loop between TM 5
and TM6 of D2 dopamine receptor was used as a template for the missing region of ETgR.
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Supplementary Fig. 14: Original uncropped gel images
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Fig. S2(a)
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