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Table S1. Results for ranking with different affinity prediction methods in Schrodinger FEP+ benchmark set.

FMO FMOScore FEP+
Protein N R p T RMSE N R p T RMSE N R p T RMSE
CDK8 32 0.78%  0.825% 0.64)3: 0.93%% 32 0.815% 0.845: 0.67 0.881%3 32 0.64cc  0.67c%  0.5355%  1.119%
c-Met 24 0.8305  0.79% 0.6504 1.04)7 24 0.90;32 0.90;7; 0.775% 0.78% 24 0915  0.88%0  0.7502  0.7603
Eg5 28 0.680%  0.59 0.56,2 0.6953] 28 0.79% 0.7405 0.605% 0.58}4 28 0735 07152 05704  0.6804
HIF-20. 42 03158 0.2308 0.16,% 11207 42 0.4308 0.285% 0.215% 1.070% 42 0.57:% 0547 041  0.98)%
PFKFB3 40 0.86p5  0.8405 0.7753% 0.560% 40 0.905% 0.895%, 0.730% 0.49%3 40 0.810n  0.815%  0.640%  0.640%
SHP-2 26 0.570% 0.59% 0.450% 1.05%% 26 0.8003 0.7503 0.5603 0.7615 26 0.730: 0715  0.570% 0.88!1:
SYK 39 04375 04304 0.315% 0.7705 39 0.76,% 0.765% 0.6157 0.545] 39 04700 04005 028  0.750%
TNKS2 27 03605 0215 0.10% 1.020% 27 0.620% 0.5057 0.3952 0.863 27 0.460%  0.43%5 03209 0.98)%
Total 258 0.620  0.640% 0.475% 1.14}% 258 0.870% 0.875% 0.695% 0.7152 258 0.78% 07704 0.58%5  0.89%
MM/GBSA MM/PBSA Vina
Protein N R P T RMSE N R p T RMSE N R p T RMSE

CDK8 32 0.3006 0.4501¢ 0.330:) 1.425% 32 0.027%  -0.040%  -0.027%  1.50.% 32 0.580% 0.615: 0.48)% L1705
c-Met 24 0.680+ 0.7254 0.597 1.43%% 24 0230 0.15557 0.103  1.83% 24 -031q:  -03790 -0.229%  1.80,%
Egs 28 04355 0413% 03008 088 28 0.02%  0.105%F  0.05% 0965 28 -0.445% 04755 -0.31%%  0.841%
HIF-2a 42 0.197%  0.230%”  0.15:%° 1.15'% 42 0260 0.20,:¢ 0.150% 114y 42 028 0.500% 0.39% 1.13%
PFKFB3 40 0.480% 0.45%% 0.33041 0.99'% 40  0.26)% 0.280% 0.215% 1.1015, 40  0.35:% 0.330. 0.220% 1.067%
SHP-2 26 0.340¢; 0.3500; 0.315% 1.24°% 26 0.500% 0.48)% 0385 119 26 037 0.350%: 0.3504 11706
SYK 39 0.500% 0.475% 0.360: 0.7453 39 0.18% 0.06,5 0.045 0847 39 0.39% 0.354; 0.340% 0.775
TNKS2 27 0.47¢ 041553 0.285% 0.96'%; 27 -0215%  -0.113%  -0.097%  1.06;% 27 -0.06)%  0.110% 0.09;% 1.10%%
Total 258 0.270% 0.2752 0.182 1393 258  0.130% 0.09;% 0.06;, 1445 258 0.09% 0.09¢'% 0.0651 1.44}3
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Table S2. Linear coefficients of FMOScore of 8 targets in Schrodinger FEP+

benchmark.
Target AE™ AG™! AEy, constant
CDKS8 0.05066 -0.04087 0.02395 -3.05111
c-Met 0.04297 0.03001 0.04486 -3.85653
EGS5 0.04591 -0.00677 0.01301 -6.73679
HIF-2a 0.02229 0.01377 0.07526 -8.75932
PFKFB3 0.05389 -0.00547 0.03022 -3.05507
SHP2 0.02002 -0.02125 0.04421 -2.78159
SYK 0.01577 -0.0056 0.04735 -9.47309
TNKS2 0.08894 -0.03104 0.05194 -1.31775
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Table S3. Results of different energy term contributions for eight targets with the

FMOScore method on a literature curated benchmark set.

A Eint

Protein  PDBID“ AGep”  AGpred© AG™! AEy
Total ¢ AEe AEe AEcmix  AEdisp

CDK8  SHNB  -1122  -11.86  -129.11  -93.83  61.14 -26.82  -69.60 61.73  12.63
c-Met 4R1Y 873  -10.79  -17479 -121.22 6226 -28.53  -87.30 -30.36 3247
Eg5 3L9H  -11.05  -11.04 91.23 4325  58.82 2541 -81.39 119.70 4491
HIF-2a  STBM  -11.01  -10.54  -13558 -92.19  76.45 -32.98  -86.86  43.36 7.74
PFKFB3  6HVI -103 -10.15  -13446  -87.75  72.19 -28.62  -90.27  53.92 1037
SHP-2 SEHR  -9.75 -9.76 -141.73  -131.02  98.16 -30.97  -77.90 19622 7.55
SYK 4PVO  -1142  -10.75  -132.67 -94.44  62.87 2457 -76.53  69.14  26.54
TNKS2  4UIS -10.05  -10.93  -106.69  -68.45  69.01 27.56  -79.69  46.88  14.78

“The structures of the lead compounds in each target in the FEP+ benchmark have been
selected for presentation, which are usually the starting points for structural

modifications. ?Experimental affinities were converted to AGexp values using the

equation AGexp = kaTlog ICso. “Predicted binding free energy AGprep was fitted to the

three types of energies calculated by the FMOScore method, consisting of binding
affinities in vacuo (AE™), solvation free energy (AG™), and deformation energy into
the isolated form (AE}; ). “The total fragment pair interaction energy (AE™) was
decomposed into the electrostatic term (AEes), exchange-repulsion term (AFEex), charge
transfer terms (AEct+mix), and dispersion term (AFEdisp). All calculated values are in

kcal/mol.
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Figure S2. FMO results of eight targets: CDK8 (PDB: SHNB), c-Met (PDB: 4R1Y),
EGS (PDB: 319H), HIF-2a (PDB: STBM), PFKFB3 (PDB: 6HVJ), SHP-2 (PDB:
S5EHR), SYK (PDB: 4PV0), TNKS2 (PDB: 4UIS5). The key interactions according to
FMO calculations are marked as yellow dashed lines, and key residues are shown in

dark blue sticks. The left-hand bar plots describe PIE between the residues at the active

site and ligands, and the right-hand plots show the PIEDA of these key interactions.
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The electrostatics, charge-transfer, dispersion, and exchange-repulsion PIE terms are

represented in red, blue, gray, and dark blue, respectively.
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SUPPORTING INFORMATION

Figure S3. Pocket shapes and hydrophobic surfaces were rendered with PyMOL
(version 2.3.0) for the eight targets: CDK8 (PDB: SHNB), c-Met (PDB: 4R1Y),

EGS (PDB: 319H), HIF-2a (PDB: STBM), PFKFB3 (PDB: 6HVJ), SHP-2 (PDB:

SEHR), SYK (PDB: 4PV0), TNKS2 (PDB: 4UIS). The redder color indicates a

stronger hydrophobic surface.
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Figure S4. Identification of SHP-2 inhibitors through biochemical screening. (A-
B) Compound 1 and 8 exhibited potent inhibitory activity against SHP-2. Phosphatase
assays were conducted using the artificial substrate DIFMUP, and data represent mean

+ SD (n = 3).

Table S4. Structure activity relationship study of THR-f inhibition activities.
cl

<’7§‘:~©~:’é“>
Cl
THR-B FMOScore (kcal/mol)

Ligand Part A Part B AGexp®
ICso (]JM) a AGpre < A Eint A Eﬁégf AGsol
1 0.99+0.08  -8.186  -9.629 -101.46 27.19 245.55
2 >33 -6.110  -6.318 -80.016 24.10 224.18
3 0.65+0.07  -8.435 -8.475 -105.35 18.56 236.24
4 >100 -5.453  -5.925 -84.49 16.06 224.85
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AN O
16 m/) «Q‘[‘MO 0.21+0.06  -9.105 -10.820 -99.17 30.21 261.81
0 N OH

N

17 Ij/\/) } NH - 0.04+£0.007 -10.086 -7.824 -75.72 24.64 251.07

AN HN—4
18 OINI/) O}N,N_ 0.009+£0.003 -10.970 -10.192 -108.04 28.32 245.01

R? - - 0.71 046 040 0.37
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The spectra of "H NMR, '*C NMR and HRMS (ESI) of all final compounds
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