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Supplemental Table and Figures

Supplemental Table 1

[1251]GLP-1(7-36)
Binding GLP-1R B-arrestin2 GLP-1R Low Density cAMP GLP-1R Medium Density cAMP GLP-1R High Density cAMP
Ki nM ECso nM Emax % ECso nM Emax % ECso nM Emax % ECso nM Emax %
(SEM, n) (SEM, n) (SEM, n) (SEM, n) (SEM, n) (SEM, n) (SEM, n) (SEM, n) (SEM, n)
0.779 2.62 104.2 0.331 105.5 0.070 104 0.00625 107.9
GLP-1(7-36) (0.02, 116) (0.25, 54) (1.8, 54) (0.007, 436) (0.4, 436) (0.020, 317) (0.5,317) | (0.00013,347) | (0.47,347)
3.22 >50,000 3.05 24.5 1.38 59.8 0.494 119.4
LY3502970 (1.4, 4) (NA, 3) NA (1.5, 3) (1.6, 3) (0.26, 14) (2.9, 14) (0.051, 12) (3.3,12)
19.0 >50,000 35.2 10.8 16.3 52.8
TT-OAD2 ND ND ’ NA : : ' :
(8.1,3) (NA, 3) (13, 5) (2.1,5) (2.6, 4) (4.1, 4)

In vitro pharmacology of LY3502970 at the GLP-1R. The affinity (Ki) of ligands for the GLP-1R was quantified by [***]]GLP-1(7-36) competition
binding using GLP-1R expressing cell membranes. Functional potency (ECso) and efficacy (Emax) for B-arrestin recruitment using enzyme-
fragment complementation was determined in CHO-K1 cells. GLP-1R density-dependent pharmacology of ligands was quantified by measuring
the potency (ECsp) and efficacy (Emax) for cAMP accumulation in HEK293 cells at increasing levels of receptor density designated low (1,400
receptors/cell), medium (7,800 receptors/cell), and high density (76,000 receptors/cell). ND= Not Determined, NA= Not Applicable.




Supplementary Table 2. Cryo-EM data collection, refinement and validation statistics

GLP-1R/LY3502970/Gsinis/Nb35/scFv16

(EMD-22283)

(PDB-6X0X)
Data collection and processing
Magnification 130,000
Voltage (kV) 300
Electron exposure (e—/A?) 80.9
Defocus range (um) -1.2t0-2.5
Pixel size (A) 1.04
Symmetry imposed Cl
Initial particle images (no.) 1,598,390
Final particle images (no.) 583,053
Map resolution (A) 32
FSC threshold 0.143
Map resolution range (A) 2.8A to 4.0A
Refinement
Initial model used (PDB code) 6VCB
Model resolution (A) 3.5
FSC threshold 0.5
Map sharpening B factor (A?) -109.5
B factors (A?) 91.7 (10,630 atoms)
GLP-1R 113.1 (380 residues, 2,989 atoms)

Ligand

103.9 (1 polymer, 65 atoms)




R.m.s. deviations
Bond lengths (A)
Bond angles (°)

Validation
MolProbity score
Clashscore
Poor rotamers (%)

Ramachandran plot
Favored (%)
Allowed (%)
Disallowed (%)

0.011
1.08

1.69
6.38
0.99

95.1
4.9




Supplemental Figure 1
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Supplemental Figure 1. Partial agonism of TT-OAD2 and LY3502970 effects on
GLP-1R species specificity and class B GPCR selectivity. (A) Human GLP-1R
density-dependent pharmacology of TT-OAD2 was quantified by measuring the potency
and efficacy for cAMP accumulation at increasing levels of receptor density (high,
medium, low). (B) For various class B GPCRs, cAMP accumulation by the cognate
receptor ligand or LY3502970. (C) cAMP accumulation by GLP-1(7-36) or LY3502970 in
HEK293 cells expressing high densities of either the cynomolgus monkey, rat, rabbit, or
dog GLP-1R. Only the cynomolgus monkey GLP-1R contains Trp33&CP as all others
have Ser33ECP. Panel A: representative concentration response curves of at least two
independent experiments are presented. Panel B-C: Data are represented as the mean
t s.d. of three independent experiments.



Supplemental Figure 2
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Supplemental Figure 2. Cryo-EM data processing and validation. (A) Cryo-EM data
processing flow chart. (B) Gold standard Fourier shell correlation (FSC) curves of two
individual half maps, indicating an average resolution of 3.1-3.2 A at 0.143 FSC
threshold. (C) Cross-validation of model to cryo-EM density map. The model was refined
against one half map, and FSC curves were calculated between the outcome model and
the half map used for refinement (green), the final cryo-EM map (full map, blue), and the
other half map (orange). (D) Density map colored by local resolution. (E) The local
resolution of the LY3502970 surrounding region. LY3502970 density is indicated by red
dashed line. (F) The local resolution of LSN3451217 surrounding region. LSN3451217
density is indicated by orange dashed line. The density is too weak to allow confident

modeling of the compound in the final model and a rough pose is shown here in stick.



Supplemental Figure 3




Supplemental Figure 3. Model of the GLP-1R/LY3502970/Gsin1s/Nb35/scFv complex
in the cryo-EM density map. The cryo-EM density map and model are shown for
LY3502970 (zoomed in), extracellular domain (ECD), all seven transmembrane (TM)
helices, extracellular loops 1 and 2 (ECL1, ECL2), and helix 8 (H8) of the GLP-1R.



Supplemental Figure 4
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Supplemental Figure 4. Active state conformation of the GLP-1R. Multiple
structures of active state GLP-1R are superimposed. (A) HETX motif and GLP-1R/Gs
coupling interface. (B) PXXG motif and part of central polar network. The structures are
colored as following: GLP-1R bound to LY3502970 (green for GLP-1R and blue for Gs);
bound to GLP-1 (PDB ID: 5VAI; lemon green); bound to GLP-1 and a positive allosteric
modulator LSN3160440 (PDB ID: 6VCB; lemon green); bound to ExP5 (PDB ID: 6B3J;
orange); bound to TT-OAD2 (PDB ID: 60RV; cyan). Residues from LY3502970 bound
GLP-1R structure are shown in sticks and residues from other structures are shown in

lines.



Supplemental Figure 5

Supplementary Fig. 5. Binding poses of LY3502970 and TT-OAD2 to GLP-1R. The
structures of GLP-1R bound to LY3502970 (receptor in green, LY3502970 in magenta)
and bound to TT-OAD2 (receptor in cyan, TT-OAD2 in blue, PDB ID: 60RV) are

aligned. The receptors are shown in cartoon and ligands are shown in sticks.



Supplemental Figure 6
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Supplemental Figure 6. The unique GLP-1R ECD orientation in the LY3502970
bound structure is stabilized by aromatic interactions with ECL1. The structures of
GLP-1R bound to LY3502970 (7TM in green, ECD in blue green), bound to GLP-1
(receptor in yellow, GLP-1 in beige, PDB ID: 6VCB) and bound to ExP5 (receptor in
orange, ExP5 in pink, PDB ID: 6B3J) are shown. Important aromatic and hydrophobic
residues are shown in sticks.



Supplemental Figure 7
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Supplemental Figure 7. Activation of the GLP-1R by the non-peptide agonist PF-
06882961 requires Trp33ECP, (A) Using high GLP-1R density HEK293 cells, mutation of
Trp33ECP to Ala33ECP in the human GLP-1R abolishes activity of PF-06882961. (B)
Mutation of Ser33E°P to Trp33ECP in the mouse GLP-1R enables PF-06882961 to induce
receptor signaling. For each panel, representative concentration response curves of at
least two independent experiments are presented.



Supplemental Figure 8

Supplemental Figure 8. The 4-fluoro-1-methyl-indazole moiety of LY3502970
occupies a similar position to that of the positive allosteric modulator
LSN3160440. The two structures of GLP-1R bound to LY3502970 (green for GLP-1R
and magenta for LY3502970) or bound to GLP-1 and the positive allosteric modulator
LSN3160440 (PDB ID: 6VCB; lemon green) are superimposed. The small molecule
ligands and Tyr145"4% in both structures are shown in sticks.



Supplemental Figure 9

Supplemental Figure 9. The unique TM1 kink induced by LY3502970 binding. The
structures of TM1 of GLP-1R bound to LY3502970 (7TM in green; LY3502970 in
magenta sphere), TT-OAD2 (cyan, PDB ID: 60RV), GLP-1 (yellow, PDB ID: 6VCB),
ExP5 (orange, PDB ID: 6B3J) and inactive state structure of GLP-1R (salmon, PDB ID:
6LN2) are aligned. Only TM1 of GLP-1R bound to LY3502970 has a kink at the amino
terminus. Other peptides bound GLP-1R structures (GLP-1, PDB ID: 5VAI; peptide 5,
PDB ID: 5NX2) are not shown here but their TM1 conformations are very similar to GLP-
1 bound structure 6VCB in yellow.



Supplemental Figure 10

Supplemental Figure 10. The conformation of TM3, TM4, and TM5 are similar
among various GLP-1R structures. The structures of GLP-1R bound to LY3502970
(7TM in green, LY3502970 in magenta sphere), GLP-1 (yellow, PDB ID: 6VCB; lemon
green, PDB ID: 5VAI), ExP5 (orange, PDB ID: 6B3J), peptide 5 (gray, PDB ID: 5NX2),
TT-OAD2 (cyan, PDB ID: 60RV) and antagonist PF-06372222 (salmon, PDB ID: 6LN2)
are aligned.



