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Figure S1. (a) SDS-PAGE image of proteins extracted from membrane fractions used 

in GLP-1R or 5-HT2CR ligand screening experiments. T and C represent cell 

membranes expressing the receptor target and the control (rhodopsin), respectively. The 

positions of target and control proteins are indicated by red squares. (b) Western blot 

of two protein targets and the control (rhodopsin) expressed in the cell membranes 

detected by anti-His antibody. 



Figure S2. Ligand identification from a 50-compound mixture by affinity MS 

screening against 5-HT2CR. BI values are shown as mean and s.d. of four individual 

assays. Five known ligands (MES, mesulergine; RS, RS102221; SB, SB206553; RIT, 

ritanserin; and ERG, ergotamine) were all identified with BI >2. The remaining small 

molecules in the mixture were randomly picked from an in-house library and had no 

documented connection to the receptor.



Figure S3. (a) Inhibition of 5HT2AR (left) and 5HT2BR (right) activation by 3943 

revealed by the calcium mobilization assay. (b) Affinity of 3943 to 5HT2AR (left) and 

5HT2BR (right) determined by the radioligand binding assay. Clozapine and SB 

206553 are positive controls. Measurement of pKi and pIC50 is represented by mean 

and s.d. of triplicate measurements.



 

Figure S4. Ligand identification from a 50-compound mixture by affinity MS 

screening against GLP-1R. BI values are shown as mean and s.d. of four individual 

assays. Two known ligands (PF, PF06372222; NN, NNC0640) were identified with BI 

>2. The rest of small molecules in the mixture were randomly picked from an in-house 

library and had no documented connection to the receptor.



Figure S5. (a) Receptor binding assay showed no effects of any test ligands on 

modulation of the radiolabeled exendin-4(9-39) binding to GLP-1R. (b) The affinity 

MS assay showed none of the test ligands could be directly competed off from the 

receptor by increasing the amount of NAM PF06372222 (PF). In this assay, the GLP-

1R TMD-expressing membranes were incubated with the 4-ligand mixture (each at 50 

nM) or a mixture of four ligands (each at 50 nM) plus PF06372222 (at 500 nM or 5 

µM). The MS intensity of each ligand detected in the target incubation sample was used 

to compare binding capacity of the ligand under different conditions. 3286 showed 

enhanced binding to the receptor whereas other ligands did not change their binding 

properties with increased amounts of PF06372222. MS intensity of each ligand is 

shown as mean and s.d. of three individual assays. Statistical analysis was performed 

using two-tailed homoscedastic t-tests (*p <0.05, **p <0.01). (c) No stimulation of 

cAMP production was observed in GCGR-expressing cells treated with any of the test 

ligands at varying concentrations in the presence of glucagon (0.02 nM).



Figure S6. Compound identification rates of 9 cocktails using the LC-MS method. 
Compounds were identified based on accurate mass measurement (<10 ppm) and 
isotope envelop matching (<20% deviation).



Note: Table S1 and Table S4 are provided in separate Excel sheets due to their 
large size.

Table S2. Properties of 12 known ligands to 5-HT2C and 5-HT2A receptors identified 
in the primary screening.

Compound Name BI[a] △Tm (°C)[b] Bioactivity[c] Ki (nM)[c]

418 Paliperidone 9.7±3.6 17.6, 19.9 5-HT2A antagonist 0.4-1.2

1216 Mianserin 8.9±1.5 15.1, 16.1 5-HT2C antagonist 0.6 -8.1

446 Pizotyline 8.8±1.4 19.3, 16.6 5-HT2C antagonist 1.4

768 Ziprasidone 6.5±0.8 2.3, 1.9 5-HT2C antagonist 0.6-1.3

265 Clozapine 4.2±1.0 14.9, 17.1 5-HT2C antagonist 2.3-73

2811 Asenapine 4.3±0.5 8.8, 11.5 5-HT2C antagonist 0.9-2.5

1130 Cyproheptadine 3.7±0.3 14.8, 13.9 5-HT2C antagonist 1.3

1248 Ritanserin 3.5±0.5 20.0, 17.1 5-HT2A antagonist 0.6-36

1152 Risperidone 3.3±0.5 16.1, 16.3 5-HT2C antagonist 6.4-63

1449 Metergoline 3.2±0.4 8.6, 11.5 5-HT2C antagonist 0.5

1108 Pirenperone 2.3±0.4 14.9, 16.6 5-HT2C antagonist 60.0

884 Loxapine 2.2±0.3 14.4, 17.1 5-HT2A antagonist 2.4

[a] BI determined in the primary affinity MS screening. [b] Tm shift of each compound compared to the 

apo receptor in the thermal shift assay (data from two replicates). The concentration of each ligand was 

100 µM. △Tm >5°C indicates significant increase of the receptor thermostability induced by the 

compound. [c] Data from ChEMBL and Binding DB databases.



Table S3. Properties of 4 unknown ligands validated in the second-round affinity MS 
assay.

Compound Name BI[a] △Tm (°C) [b] Bioactivity[c]

3943 AT-56 3.2±0.5 6.2, 6.9 Prostaglandin D2 synthase Inhibitor

3931 AT 7519 2.7±0.5 -3.0,-0.2 Cell Cycle/checkpoint, CDK inhibitor

462 Ritonavir 2.5±0.3 0.2, 0.2 Antiviral activity, HIV protease inhibitor

1382 Orbifloxacin 2.4±0.5 2.0, 2.0 Antibacterial activity

[a] BI determined in the validation affinity MS assay. [b] Tm shift of each compound compared to the 

apo receptor in the thermal shift assay (data from two replicates). The concentration of each ligand was 

100 µM. △Tm >5°C indicates significant increase of the receptor thermostability induced by the 

compound. [c] Data from ChEMBL database and literature.



Table S5. Enhanced GLP-1 radioligand binding and cAMP production in GLP-1R-

expressing cells treated by a specific ligand. 

901 3286 4170 4279
125I-GLP-1 binding assay[a] 4.12±0.19 5.2±0.16 5.41±0.29 5.08±0.26

cAMP assay[a] 5.37±0.25 5.19±0.04 4.65±0.43 5.45±0.05

[a] Data shown are mean and s.e.m. of pEC50 values determined in experimental triplicates. The 

corresponding titration curves are shown in Figs. 3c and 3d.


