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University of Chinese Medicine, Xixian New Area 712046 Shaanxi, China)

Abstract: Objective Mining Tryptophan hydroxylase—1 (TPH) inhibitors from traditional Chinese medicine using
pharmacophore model and the dual- target molecular docking with positive and negative effects. Methods A
computer virtual drug screening platform integrating pharmacophore model, drug-like screening, ADME prediction,
dual-target molecular docking, and molecular dynamics simulation was built to discover potential TPH1 inhibitors
from TCM@TAIWAN database. Results Two candidate molecules ZINC85626251, ZINC85626260 were screened
from the database TCM@TAIWAN, both of them were predicted with good inhibitory activity and drug- like
properties. Results of the docking scoring showed that, each candidate molecule has strong inhibitory effect on the
gastrointestinal related target TPH1; but the inhibitory effect on the target TPH2 is weak, which effectively avoids
the negative effect of central nervous system— related TPH2 enzyme activity inhibition. Finally, highly precise
binding free energy between THPI target and candidate chemical compound and various energy contributions were
determined by molecular dynamics simulation and MM/PBSA algorithm. Conclusion A variety of computer virtual
screening technologies were comprehensively integrated to discover novel TPH inhibitors, and two potential active
molecules that can relieve pain associated with irritable bowel syndrome were discovered from natural products.
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Figure 1

Chemical structures and molecular properties of the compounds in the training set
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Figure 2 Chemical structures and molecular properties of the compounds in the testing set
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Table 1 Chemical features of the top10 HipHop pharmacophores

B Total cost ACostt MaxFit  RMS'  Correlation(r) Chemicial features'

Hypol 8361 6187 1389 L.13 0.944 596  HBA, HBD, HBD, HY
Hypo2 8426 6122 1367 LIS 0.938 580 HBA, HBD, HBD, HY
Hypo3 10022 4526 1093 181 0.846 081  HBA, HBD, HBD, HY
Hypod 10024 4524 1222 170 0.870 860  HBA, HBD, HBD, HY
HypoS 10504 4044 933 204 0.794 225 HBA, HBD, HBD, HY
Hypoo 10770 3778 998 212 0.775905  HBA, HBD, HBD, HY
Hypo7 10770 3778 998 212 0.775905  HBA, HBD, HBD, HY
Hypo8 10997  35.51 842 218 0.760 996 HBA, HBD, HBD, HY
Hypo9 11107 3441 1073 214 0.774 025 HBA, HBA, HY, RA
Hypol0 11324 3224 1056 226819  0.738350  HBD, HBD, NEG, RA

: a. ACost 42 Total cost 5 Null cost 22{H, Null cost, Fixed cost 43
T 145.48, 69.44; b, RMS 2ARAEM2:; c. DUREAEHIRAE

2.2 Sy PAHESEENIE  LIRSSEE SYIRAR LP-533401
ZS A ARFRVE NS IR, B LP-533401 FL X% TPHI
TEPEAS, R AR R R 2 5 . SRR
4177 R 22 (Root mean square deviation, RMSD) &
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5 ® A ExplCsf(nmol-17")  Pred ICs/(nmol+ L") Fitvalue Frror' Expscale’ Pred scale’
g cll 29 474 951 147 4+ T
5" c14 38 79.74 924 200+ b
§” c1s 40 93.08 917 233 4
g® c17 “ 5241 94 119 4 4
g’ c19 46 93.04 917 202 4
€20 50 92.77 9.17 1.86 +H+ +H+
? 1 54 13410 9001 248+ ++
*a 1 2 3 4 5 6 7 8 9 © n 24 69 72.09 9.28 1.04 +H+ +H+
Pharmacophore hypothesis 26 100 71.61 929  -140  +++ 4+
—0—Costs —O—random1 —A—random2 —-—random3 —%—random4 7 110 11230 9.09 1.02 ++ ++
—0—random5 —+—randomé —=—random7 —=—random8 —¢—random9 8 120 101.54 .14 “LI8 + +
—0—random10 —A—random11 —%—random12 —%—random13 —O—random14
+—random15 —=—random16 —=—random17 —0—random18 —O—random19 » 120 10257 9.13 -117 ++ ++
€31 150 78.28 925  -1.92 ++ +H+
7 Fischer %3 XIGIE (£ 95%HEE X E) 32 150 7400 927 203 4+ H
Figure 7 Cross validation by Fischer method (95% confidence €33 160 62.63 935 15w T
. €35 190 152.06 896 -1.25 ++ ++
interval) €36 190 14401 898 -132 o+ -
37 200 220.40 8.80 1.10 ++ ++
1.368 A , ﬂi‘i RMSD {E{ti‘%%}%éﬁ%fﬁ ., ,7}?}5 , ){%%— €39 250 146.58 898 -171 + +
C42 380 184.71 8.88  -2.06 ++ ++
o+ C6 [AMESEAT X4, 4558 C6 5 LP- 45 70 42450 851 181  + n

533401 [H X125 23 [ M 2 AR AR EE AL, BoE T 4% TE: a. BN (Pred) A S5 50 fH (Exp) Z I 2208 5 b. W HE 439 X [H]
. . e [ “+++7 ETEPE(ICH=<100 nmol-L™"), “++” FZ5HM:(100 nmol-L™" <
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Table 4 Predicted values of ADME parameters of hits
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Figure 9 Verification on feasibility of molecular docking
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Table 3 The docking scores of hits with dual targets TPH1/TPH2

e . TPHI1 score TPH2 score
ZINC-ID Fit value /(kcal *mol ™) /(kcal-mol ™)
ZINC85626251 10.58 -14.28 -8.71
ZINC85596582 10.35 -14.26 -8.80
ZINC85630415 10.17 -14.24 =771
ZINC85569041 10.16 -13.86 =7.10
ZINC85625740 10.18 -13.72 -8.58
ZINC85595335 10.54 -13.70 -8.48
ZINC85643856 10.62 -13.55 -8.87
ZINC95910495 10.48 -13.53 -8.80
ZINC85626260 10.49 -13.48 -8.38
ZINC85509617 10.52 -13.46 -7.94
ZINC95912363 10.40 -13.40 =171
LP-533401 9.08 -10.52 -7.87

#: a. ZINC database (https : //zinc.docking.org/ ) ID number

ZINC-ID MwW* SASA® HB Don HB Acc' logPo/w* logS' logHERG* PCaco" %0B' PSA’
ZINC85626251 461 712.2 4 7.40 3.1 -3.4 -4.6 48.1 75.0 133.6
ZINC85596582 757 11225 10 17.05 0.2 -3.2 -6.2 0.1 0.0 245.1
ZINC85630415 734 1 105.0 5 10.20 6.6 -6.1 =75 8.3 56.3 154.8
ZINC85569041 820 1 007.2 7 9.95 6.1 -6.2 -6.9 11.5 42.6 147.9
ZINC85625740 763 12014 5 8.70 8.5 -10.5 -8.2 56.6 69.2 160.4
ZINC85595335 826 1 126.6 8 17.00 34 -3.8 -7.0 2.7 15.6 214.8
ZINC85643856 629 899.9 8 22.00 -1.7 -2.4 -6.1 4.6 0.0 237.9
ZINC95910495 504 772.6 7 13.80 -0.5 =29 -6.1 2.4 0.0 223.7
ZINC85626260 487 823.1 3 5.70 5.6 =57 =53 238.8 89.3 112.9
ZINC85509617 631 906.9 9 18.25 -0.6 -2.8 -4.4 0.1 0.0 279.3
ZINC95912363 831 1181.1 10 25.90 -0.6 -3.1 =57 0.2 0.0 298.3
LP-533401 526 847.3 5 5.50 33 -7.3 -6.4 53 46.4 126.3

e oa TR XA <650); b, iHI ] R (452 X : 300~1000); c. ZHEAHA (TR XA, <5); d S8R (T2 X
B <10); e. ARKAMHCRB(ATHEZ X —2~6.5); £ FKPE(ATEZIXE]: -7.0 ~0.5); g KmilHEAHC ICo [ (X ) : <-5); h. T

MFM Caco—2 ANAIZIER, AN nm-s™,

Caco—2 42 IfiL 5 B (A

@M TAEE izt (HEF K] . <25 R2%5; >500 HE); i DR

WCR(<50% M5 > 80% MR )5 j. JEEALFRE M PE RS T, SR FILmR 5 (R #3275 1 . 7.0 ~ 200.0)
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Figure 10 The chemical structures of the hits and their fit with the model Hypol
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