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Table S-1.

Ligand T2 (HEK293) | Tz (INS-1 832/3) | Ratio
GLP-1 9.9 4.8 2.1
GLP-1-phel 16.9 10.3 1.6
Chil 104 5.6 1.9
Chil-phel n.c. 16.8 n.c.
Chi2 10.0 5.6 1.8
Chi2-phel 17.2 9.0 1.9
Chi3 10.2 5.0 2.0
Chi3-phel 174 134 13
Ex-ala2 8.9 4.6 1.9
Ex-ala2-phel 16.4 10.1 1.6
Ex4 8.9 4.6 1.9
Ex4-phel n.c. n.c. n.c.
GLP-1-gly2 10.9 5.0 2.2
GLP-1-gly2-phel | n.c. n.c. n.c.

Table S-1: SNAP-GLP-1R internalisation rates for each ligand in HEK293 and INS-1
832/3 cells. Internalisation half-times were calculated by fitting a 4-parameter logistic curve to
pooled DERET data expressed as fold-increase from baseline, with “basal response”
constrained to a fixed value of 1. Ratio indicates the ratio of internalisation ti, for HEK293

versus INS-1 832/3. “n.c.” indicates not calculable.
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Figure S-1
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Figure S-1. Additional binding, signalling, and trafficking data for chimeric GLP-1R
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ligands. (A) Peptide agonist sequences in single letter amino acid code, with exendin-4-
specific residues highlighted in gold. (B) Saturation binding of exendin-4-FITC in HEK293-
SNAP-GLP-1R cells, n=5, see also Figure 1B. (C) Kinetic traces for GLP-1R internalisation in
HEK293-SNAP-GLP-1R cells stimulated with indicated concentration of agonist, measured by

DERET, n=4, relates to Figure 1E. (D) TR-FRET measurements of LUXendin645 binding to
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Lumi4-Tb-labelled SNAP-GLP-1R in HEK293 cells, n=3, kinetic binding curve fitting of pooled
data shown. (E) Widefield microscopy images of HEK293-SNAP-GLP-1R cells labelled with
SNAP-Surface-549 prior to stimulation with 1 uM agonist for 30 minutes, followed by 60 minute
recycling and labelling of surface GLP-1Rs with LUXendin645 (100 nM); representative
images of n=5 independent experiments shown, with identical brightness and contrast settings
across all single-channel images; scale bar = 16 um. (F) Heatmap representation of coupling
between occupancy and cAMP, B-arrestin-2 recruitment and endocytosis (measured by
DERET and high content microscopy) signalling, determined by subtraction of pK; from log
1/Ka values for each pathway (see Tables 2 and 3) and subsequently normalised to GLP-1.

Data represented as mean = SEM.
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Figure S-2
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Figure S-2. Phel-substituted ligand evaluation. (A) Phel peptide sequences in single letter
amino acid code, with exendin-4-specific residues highlighted in gold. (B) Equilibrium binding
studies in HEK293-SNAP-GLP-1R cells, showing saturation binding of exendin-4-FITC
measured by TR-FRET, with parallel measurements of 4 nM exendin-4-FITC binding in
competition with indicated concentration of unlabelled agonist, n=5. (C) Alternative depiction
of data shown by heatmap in Figure 2A, indicating bias (AA log ©/Ka) of each ligand relative to
GLP-1. (D) Representation of coupling between occupancy and cAMP and B-arrestin-2
responses in PathHunter CHO-K1-Barr2-EA-GLP-1R cells, determined by subtraction of pK;
from log /K values for each pathway (see Table 3), with error propagation, with each ligand
pair compared by one-way ANOVA with Sidak’s test. (E) AUC analysis for LgBiT-mini-Gs
recruitment (Figure 2B), with statistical comparison by one-way randomised block ANOVA
with Sidak’s test to compare bias for each His1 / Phe1 ligand pair. (F) As for (E) but for Barr2-
LgBiT recruitment (Figure 2C). (G) As for (E) but for internalisation measured by DERET
(Figure 2D). (H) As for (E) but for GLP-1R recycling measured by TR-FRET (Figure 2E). (1)
Quantification of GLP-1R internalisation in HEK293-SNAP-GLP-1R cells after 1 uM ligand
treatment for 30 minutes, measured by high content microscopy analysis, n=11, with statistical
comparison by one-way randomised block ANOVA with Sidak’s test to compare bias for each
His1 / Phel ligand pair. (J) As for I, but for GLP-1R recycling after 1 uM ligand pre-treatment,
n=>5. (K) Alternative representation of data shown in Figures 2B, 2C, 2D and Figure S-2I, with
Phel ligand responses expressed relative to the equivalent Hisl ligand. (L) Relationship
between agonist binding affinity (see Table 4) and GLP-1R recycling measuremed by TR-
FRET (see Figure 2E) and high content microscopy (see Figure S-2J), with 4-parameter
logistic fits and goodness-of-fit shown. *p<0.05 by statistical test indicated in the text. Data

represented as mean + SEM, with individual replicates shown in some cases.
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Figure S-3
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Figure S-3. Effects in beta cells. (A) Comparison of acute cCAMP potencies in CHO-K1-Barr2-
EA-GLP-1R and INS-1 832/3 cells by linear regression. (B) Alternative representation of
heatmap data from Figure 3B, i.e. DERET-measured GLP-1R internalisation AUC in INS-1
832/3 GLP-1R" cells stimulated with 1 uM agonist, n=5, statistically compared by one-way
randomised block ANOVA with Sidak’s test for each His1 versus Phel ligand pair. (C)
Quantification of SNAP-GLP-1R internalisation in INS-1 832/3 GLP-1R™ cells after 1 uM ligand
treatment for 30 minutes, measured by high content microscopy analysis, n=9, with statistical
comparison by one-way randomised block ANOVA with Sidak’s test to compare bias for each
His1 / Phel ligand pair. (D) Comparison of Phel ligand internalisation measurements in INS-
1 832/3 cells in comparison to HEK293 cells (see Figure S-2I), with the response of each Phel
ligand expressed relative to that of its Hisl counterpart for each assay, with statistical
comparisons performed by one-way ANOVA with Sidak’s test. (E) As for (C), but for GLP-1R
recycling after 1 uM ligand pre-treatment, n=5. (F) Insulin secretion from wild-type INS-1 832/3
cells treated with 11 mM glucose + indicated agonist dose for 16 hours, expressed relative to
vehicle, n=5. (G) Comparison of potency estimates for acute cAMP signalling (Figure 3A,
Table 5) and sustained insulin secretion (Figure S-3F) performed by subtraction pECso values,
with error propagation, one-way ANOVA with Sidak’s test for each His1 versus Phel ligand
pair. (H) Correlation matrix summarising relationship between agonist responses included in
this work; single-dose responses are normalised on a 0 — 100% scale, whereas logarithmically
guantified indices (pK;, log t©/Ka) have not been further normalised; Pearson r coefficient is
shown for each comparison, with significance indicated by asterisks (only for relationships for
insulin secretion). *p<0.05 by statistical test indicated in the text. Data represented as mean +

SEM, with individual replicates shown throughout.
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