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METHODS

Western blot. Parental 1321N1 and PAR2 transiently-transfected cells were seeded at 200000
cells/well in a 6 well plate and incubated overnight at 37 °C, 5% CO,. The cells were detached,
washed with PBS and the pellet was resuspended in 200 ul PBS. These lysates were then frozen
at -20 °C before use. Samples (40 uL) were prepared for western blot using 4x NuPAGE samples
buffer and 10x NuPAGE reducing buffer and heated at 70 °C for 10 min. These were loaded (10
uL) onto a NuPAGE 4-12% Bis-Tris 17-well, 1.0 mm gel and run at constant 200 V for 35 min
in MES running buffer. The proteins were then transferred onto a 0.2 um PVDF membrane using
the Trans-Blot Turbo Transfer system according to the manufacturer’s instructions. The
membrane was then blocked with PBS containing 5% BSA, incubated with anti-PAR2 (D61D5,
Cell Signaling Technology) and visualized using an anti-Rabbit AP conjugate and 1-step

NBT/BCIP substrate solution (ThermoFisher).

Competition Binding. Competition binding experiments with selected modified peptides against
radiolabeled [’H]-GB110 were carried out on membranes isolated from HEKexpi293F cells
expressing human PAR2. In 96-well plates, at final assay concentration stated in parentheses,
protein (30 pg/well), label (25 nM), and competing peptides (35 pM — 1 mM) or unlabeled
GB110 (0.3 nM — 10 uM) were incubated for 2 h at room temperature with shaking. The reaction
was then filtered through 0.5% PEI coated filter plates using a BiomekFX. The filterplate was
then dried for 1 h at 50 °C. Scintillation fluid was then added to each well, before reading the
plate in a Microbeta reader. Data were analyzed to obtain the pK; (-logl0 dissociation constant)
of competing ligands determined by the Cheng and Prusoff equation using the ICsy values
(concentration of inhibitor, in this case unlabeled SLIGKV and modified peptides, that reduces

the response by 50%) derived from competitions curves using GraphPad Prism 7.’
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Figure S1. 2D structures of peptides included in this study.
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Figure S2. Control data. (a) Western blot analysis of transiently-transfected mutant and WT
PAR2 showing receptor expression, and (b) representative selection of all agonists included in
this study that gave no calcium mobilization response in 1321N1 parental cell line. Data are
presented as meants.e.m of n=3 independent experiments.
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Figure S3. Binding data of selected mutant SLIGKV peptides. Data, from radioligand
competition binding assays, are presented as means.e.m of n=2-3 independent experiments.
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Figure S4. Trypsin-induced activation of PAR2 mutants. (a) Trypsin activated calcium
signaling in the 1321N1 parental cell line (green) and this response was blocked by addition of
PARI1 antagonist vorapaxar (1 pM, purple). (b) Trypsin-induced activation of WT PAR2 was
unaffected by addition of vorapaxar. (c) Heat plot of fold change of trypsin-induced activation
of calcium mobilization at mutant PAR2 receptors presented on a color scale where red and
green correspond to >10-fold drop in potency and similar effect as WT, respectively. Asterisks
highlight the residues identified as important in SLIGKV-induced activation of PAR2. (d)
Response of SLIGKV (10 uM) in the presence (purple) and absence (green) of vorapaxar,
suggesting that vorapaxar does not interact with the PAR2 mutants. Activation of PAR2 was
monitored using a calcium mobilization assay. Data are presented as meants.e.m of n=3
independent experiments.
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Figure S5. Crystal structure of PAR2 in complex with AZ8838 (PDB code SNDD).” AZ8838
and selected residues are show in sticks. Hydrogen bonds with Y82'*° and D228""* are
represented as dashed lines. Receptor residues have been color-coordinated based on their
spatial arrangement.
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Figure S6. Mutagenesis-driven structure-based modeling of the PAR2-SLIGKV complex.
Molecular docking generated an initial ensemble of 10000 models of SLIGKV in the PAR2
crystal structure. The final model was obtained by: (1) Selection of a cluster of models (a total of
4625) showing a spatial placement of the N- and C-termini in agreement with the experimental
data; (2) Filtering of the previously selected set of models according to the N-terminus
interactions. 611 models passed this filter; (3) Re-clustering of the remaining models based on
the leucine and isoleucine of SLIGKV. A cluster with 64 structures was then selected and a
representative complex was refined to obtain the final model.
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Figure S7. Concentration-response curves of (a) SLIGKV, (b) S[Cha]IGKV and (c)
SL[Chg]GKV at WT PAR2 and selected mutant receptors. Receptor activation was measured
using a calcium mobilization assay and data are expressed as meants.e.m of n=3 independent
experiments.
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Figure S8. Overlay of SLIG (magenta) and SLIGKV (green) complexes obtained from ligand-
centric and molecular docking protocols, respectively. The ligands and selected residues are
shown in sticks.
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Figure S9. Predicted binding modes of (a) GB110 and (b) GB88. The ligands and selected
residues are shown in sticks. The complexes were obtained by molecular docking to the model of
agonist-bound PAR2. Receptor residues have been color-coordinated based on their spatial
arrangement.
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Figure S10. Predicted binding mode of SLMGKYV. The ligand and selected residues are shown
in sticks. The complex was obtained by molecular docking to the model of agonist-bound PAR2.
Receptor residues have been color-coordinated based on their spatial arrangement.
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Figure S11. Predicted binding mode of SL[Chg]GKV. The ligand and selected residues are
shown in sticks. The complex was obtained by molecular docking to the model of agonist-bound
PAR2. Receptor residues have been color-coordinated based on their spatial arrangement.
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Figure S12. Predicted binding mode of SLWGKYV. The ligand and selected residues are shown
in sticks. The complex was obtained by molecular docking to the model of agonist-bound PAR2.
Receptor residues have been color-coordinated based on their spatial arrangement.
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Figure S13. Snake plot generated using the GPCRdb server’ summarizing all point mutations
characterized by agonist (trypsin, SLIGKV-NH,, SLIGRL-NH,, or 2f-LIGRLO-NH,)
activation from studies outlined in Table S3. Residues have been color-coded based on their
fold change effect in calcium mobilization assays (ECsp mutant/ECso WT). For receptor
residues mutated to an alanine: > 100-fold (red); > 50-fold (purple); > 10-fold (yellow); > 5-
fold (green) and < 5-fold (light grey). For receptor residues mutated to a non-alanine mutation:
5—15-fold (magenta); < 5-fold (dark grey).
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TABLES

Table S1. Comparison of affinity and potency data. pK; was determined in competition binding
experiments with ["H]-GB110 and pECs in calcium mobilization assays. Data are presented as
mean#s.e.m of n=2-3 independent experiments.

pKts.e.m pEC_s.e.m

SLIGKV 6.32+0.05 6.06+0.03
SLIGEV 4.8+0.2 4.69+0.06
SLIGAV 4.95+0.03 5.16+0.04
SAIGKV <33 <3.5

SLAGKV 4.75%0.06 4.83+0.03
SL[Chg]|GKV 8.1+0.4 6.58+0.04
GB110 8.2+0.3 8.02+0.09
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Table S2. Potency data of endogenous protease trypsin at WT and mutant PAR2 receptors
determined in calcium mobilization assays. pECsy values are shown as meants.e.m (n=2-3
independent experiments). Fold change was calculated compared to the response of trypsin at

WT PAR2.

Trypsin Fold Change
WT 8.24+0.03 1
1321N1 <6 -
Y323A7 6.57+0.03 48
D228NECL? 7.03+0.06 17
Y156A% 7.06+0.04 16
H310A% 7.37+0.04 7
H135Y>% 7.6+0.1 5
1314A52 7.60+0.06 4
D228A 2 7.63+0.06 4
H227Q"¢!? 7.67+0.02 4
Y326A73 7.76+0.06 3
E232R"“"%/N222Q"!* 7.81+0.03 3
Y82F! 7.83+0.04 3
Y323F" 7.91+0.08 2
Q233AF"/N222Q 2 7.94+0.04 2
L307A%% 7.98+0.04 2
H227AFC2 8.09+0.03 1
Y311F* 8.10+0.04 1
L330A7 8.11+0.04 1
1327L73¢ 8.14+0.04 1
E232Q"¢"? 8.2440.02 1
L230AFC? 8.32+0.06 1
Y156F> 8.32+0.05 1
E232AFC12 8.36+0.04 1
Y326F"° 8.47+0.02 1
Y311A%Y 8.67+0.06 0.4

Table S3. The effect of point mutations on PAR2 activation of calcium signaling by agonists
trypsin or synthetic peptide mimetics (SLIGKV, SLIGRL, and 2f-LIGRLO). This summary
includes the findings of this paper as well as those in previous literature. Point mutations are
illustrated in a snake plot in Figure S13.
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. Residue . Fold change Experimental .
Protein number Mutation (ACHVitYmutand Activitywr) readout Agonist Reference
N-term 1 oN-term 7 7 . 2o gte . Al-Ani et al. 2004,
Par2 rat 37 /38 S=>A/L=A nactive Ca” mobilization trypsin Ramachandran et al. 2009°
N-term 1 oN-term 3 N . P ate . Al-Ani et al. 2004,
Par2 rat 37 /38 S=>L/L=>S Inactive Ca™ mobilization trypsin Ramachandran et al. 2009°
Par2 rat 3ghtem L=A 7 Ca’" mobilization  trypsin Al-Ani et al. 2004
Par2_human 82" Y =>A > 2000 Ca’’ mobilization ~2f-LIGRLO-NH, Suen et al. 2017°
Par2_human 82" Y =>F 5 Ca’" mobilization SLIGKV-NH,  Kennedy et al. 2018
Par2_human 128> F=>L 11 Ca’’ mobilization ~2f-LIGRLO-NH, Suen et al. 2017°
Par2_human 135%%4 H=>Y 5 Ca’" mobilization SLIGKV-NH,  Kennedy et al. 2018
Par2_human 15537 F=>L 12 Ca’’ mobilization ~2f-LIGRLO-NH, Suen et al. 2017°
Par2_human 156*% Y =>A 135 (110) Ca> mobilization SLIGKV-NH,  ennedy etal. 2018,
- Suen et al 2017
Par2_human 156> Y=>L 16 Ca’’ mobilization ~2f-LIGRLO-NH, Suen et al. 2017°
Par2_human 160°*7 Y=>L 6 Ca’’ mobilization ~2f-LIGRLO-NH, Suen et al. 2017°
Par2_human 2275Ck H=>Q 5 Ca’" mobilization SLIGKV-NH,  Kennedy et al. 2018
Par2_human 228FCL2 D=>A 124 (140) Ca> mobilization SLIGKV-NH,  ennedy etal 2018,
- Suen et al. 2017
Par2_human 228512 D=>N 332 Ca’" mobilization SLIGKV-NH,  Kennedy et al. 2018
Par2_human 230512 L=>A 17 Ca’" mobilization SLIGKV-NH,  Kennedy et al. 2018
Par2_human 2328012 E=A 7 (18) Ca® mobilization SLIGKV-NH,  ennedy etal. 2018,
- Suen et al 2017
Par2_human 232FCk2 E=>Q 8 Ca’" mobilization SLIGKV-NH,  Kennedy et al. 2018
Par2 human 23252225  E=>R/N=>Q 16 Ca’" mobilization SLIGKV-NH,  Kennedy et al. 2018
Par2_human  232°%%/233%  E=>A/Q=>A 6 Ca’’ mobilization 2f-LIGRLO-NH, Suen et al. 2017°
ECL2 )4 7 ECL2 _ _ TR Al-Ani et al. 2002,
Par2 rat 232 /233 E=R/E=>R 110 Ca” mobilization SLIGRL-NH, Al-Ani et al. 1999°
Par2_human 243%% F=>A 11 Ca’’ mobilization ~2f-LIGRLO-NH, Suen et al. 2017°
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