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Exploring potential TPH1 inhibitors from traditional Chinese medicine natural
product database based on computer simulation technology
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Abstract: Objective To discover the active molecules with inhibitory activity to tryptophan hydroxylase-1 (TPH1) from traditional
Chinese medicine natural product database based on computer simulation technology. Methods A drug screening platform, that
integrates molecular docking, drug-like screening, pharmacokinetic prediction, and molecular dynamics simulation, was built to
discovery TPH1 inhibitors from the TCMSP database. Results Chuanbeinone (TCMSP_ID: MOL009572) showed good inhibitory
activity to TPH1 and drug-likeness, which can effectively inhibit gastrointestinal related TPH1 enzymes, but had weak inhibitory
effect on central nervous system-related TPH2 enzyme activity. Through preliminary verification of enzyme activity inhibition,
molecular dynamics simulation is used to accurately predict the free binding energy of THP1 and MOL009572 and various energy
contributions. Conclusion  Chuanbeidone, MOL009572, an active molecule of traditional Chinese medicine that relieves irritable
bowel syndrome-related pain, has been screened out through integrated multiple virtual screening technologies.
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RIS LU R T R A7), BHET AL RGN
5-HT &%, AIR$%E IBS SR ILIMAIIT 2. HAC A
TPHL #2254 BT, R R 25 R TR A7 1
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P, SRS RER HFHK 5-HT & s BELITS, R ik 75 B AT
RFT TPHL 307

T JUAERIE FOAR 4k AT th i 70 % TPH
Rghibg, HESh T T HEARIE M ARSI TH LA
B2 5y 7 e, SRIMIE P AN IBS 3& REAE 250 K
F B G TPHL N HEAR I A B Y 5 —F R S Bt
A, RV K F] TPH2 BV i 8 PR A AT
TSR AVETRIL . 2580 S 5. XA T
XHE R IFEE T R IE T &, A
2GR AR P R Fh 24 TPHL F 75 o
1 MRS ERZ

Iy 7SR Schrodinger 2018 [ Glide 14
P, ADME Z#it % KM Schrodinger 2018 [¥)
QikProp #ide, FRMEIEFIAERMNL G A HRETHECR
F5yF 1207 OB BRI MM/IGBSAEL, &

R

%
O

PEVEFIA BT 454 B B ReTHSECR FH 28 7 13 A ks
PiIR 258 R FARER MM/PBSADL, 4375 112445
% Gromacs 2019 5 Gaussian 09 f&F 40«
NIEVE ) B4 0k TPHL. TPH2 i ppirh 24
KEFE 255648 P i S0 5 AR S 1 it
LX-1031 (CAS 945976-76-1, fit5 637958) T
abcam H [E b4 & A )1 DU ER B8 ( CAS
103530-47-8, b5 20190718) T _Lifs[H] H AEH;
ELX808 Ftril (EEAE AT,
11 $BEH TPHUTPH2 iR 53 OE S
TS PDB H# T #k SR SR AR A5 A,
TPH1 #+# 3HF8 (PDB_ID), TPH2 i%#% 4V06
(PDB_ID), WLl 1; #8J5 K H Schrodinger (] Protein
Preparation Wizard & FiAL BR324 8 I 4540 Bl 5
¥ F Protein Grid Generation 7% Bt i £ B #5
TPHL/TPH2 £ i Ve 48 3 7= A A s s, 2 i
Fe A AL BRAE A s PPty e BT RIMERR S, 1R
NEERR TPHL 54 ik LP533401 45 &5t
F R, WK 2.
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1 IRFIRER TPHLF1 TPH2 SEMEOE
Fig. 1 Active pockets of target receptors TPH1 and TPH2

2 BRIAEAY 3HF8 f TPHL 5RAL{K LP-533401 L£A18
Fig. 2 Binding mode of TPH1 and ligand LP-533401 in crystal complex (3HF8)
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1.2 PHSFHFLEMEITLE

W2 K R P ) B BE B2 TCMSPEL ( hittps://
old.tcmsp-e.com/index.php) 13 144 Mk& W1 NED
4 PE . % Schrodinger i LigPrep fidest & 71t
AL seEREME JURIRAC LB £E )3
OPLS3 F, 1% pH A 7.0£2.0 Kb & E T-RES,
MR EHM G EERIG R, TE AT RE N AR
SR, BT LX-1031 il TPHL BiE 1,
LT VE N BHPEXT R, F T 5-HT iR IEM S 1)
Wk, VS R 1BSE,  DLRIRE 7 o AL B
LP533401. LX-1031, fEAASLasxf#4.
1.3 ETFTEAGMTME. 55 FX4E. ADME Fl.
#EBHE GRRBFRE) THHZRIFIE

BTN “Lipinski Ro51O” AT “Verber
Ro3U™” Sf o 24 73 F- B AR PR EAT AR ke, Phide
8987 /M G KL MR ) iy v 431

BT SZARGERE FIAEERR TPHL/TPH2 43X 4%
HHATES 2 Be0fik . & Jer X SEAR TPHL Xf b —25 0
% WA & Y EE E ATl & R UL 0% & C high
throughput virtual screening docking , HTVS-
docking), F#R4#E Glide Score %} HTVS-docking
A ATHES . AR TREUR S 3 HT 35%
th &Y, HEATHEEFR TPHL Ax dE RS B2 (standard
precision docking, SP-docking) iz FXf4%E,
% Glide Score *F SP-docking H% H 4k & ¥ itk
ITHEA . BE S IR IR =350 T 40%40 &4, 4T
TPHL/TPH2 XU A i K% i (extra precision docking s
XP-docking) L7 X4z, UL TPHL f#) Docking
score<<-33.49 kJ/mol Ak HEME, LIS TPH1
ARG & HHBER 701, BOEIRYS TPH2 H4
i= Docking score L&), —FH AL AN %
vivtys s

5T ADME #5)%% 2%, KH Schrodinger [#)
QikProp HEHIEATES 3 keifik, MAHX T His
(molecular weight, Mw). Z&ft4& Chydrogen bond
donor, HB donor). Z(## A f& Chydrogen bond
acceptor, HB acceptor). ¥ 77 &R (solvent
accessible surface area, SASA ). K*ifi# [H K A% log
ICso & %1 (log ICso for blockage of HERG K*
channels , logHERG ) . 7K % £ & % (aqueous
solubility , logS ) . Jig 7K 73 it % %k [octanol/water
partition coefficient, log(O/W)]. R4 4 F) H FE
(oral absorption, OB). b &Ik PER A (PSA,

Van der Waals surface area of polar nitrogen and
oxygen atoms and carbonyl carbon atoms) Z5i¥Ad,
e B RIFRAMER A . EARTRIERUI y
Mw 1] 525 /N T 650, HB donor i il #5270
FEl AN KT 5. HB acceptor 28 7] #5252 Y5 H A KT 104
SASA H{E #3216 9 300~1000. K*idiE BH
FHK log 1Cso (CEUEHER X (MK T--5) logS #fE vT
P2 V5 9—7.0~0.5) . log(O/W) {8 m] 43252 3t Fil Ay
—2~6.5, OB ik T~ 50 A& %=, m T 80 AERHLT,
PSA HfE n] #5232 u# 5 7.0~200.0,

FT Prime-MM/GBSA 454 H B BE TN iE47 56
4 . T SR TN RO AT AR T
Tl B RAR- 2R B4 & I GBS R 2=, BRIt
1§ FH A VR 7R N MMIGBSA SEULHER: , 3t
— iR EA A BRI RS .
1.4 DFHNFHERES MM/PBSA £5BHHEE(R
IBEFIEED

T BN IZERERT 15 BE B A /3 ATitbs. TPHL
Linh o+ B, {/H GROMACS #174r13h
T B EHRINSEUNE Amber [¥) FFO3 7737,
HH PDB2GMX T H3RfS; 0l & J5 -+ ffig Je
Gaussian 09 7F B3LYP/6-311G " 4H /K i i e 34,
FEH Amber 1) RESP L il & FEFH R AW
N 1 nmX 1 nm X1 nm K57 74k TIP3P K&, IF
I Na*fil CI-, HAliZ #2403 0.15 mol/L NaCl i)
WRE, BE G 3EAT B & /MG R P, S AR
26.85 “C (300 K) #E1T 50 ns fl14> T3l F7254A5480, i
[E][EIE A 2 fs, B 10 ps PRAF—IKBEEFIALER SCIF.
M 25~50 ns FaE BEFHLIZEHHHEEL 250 ML SCA,
TH5 MM/PBSA 44 A HiEE, JF HEHL TPHL-
MOL009572., TPH1-LX-1031 PiiMAk RT3 1) 2445
100 50 ns ffa — Mk 5, Sl 2 AA-B ik g A,
1.5 TPH EgFINHINE

fir i 4 MOL009572 #E4T TPH Bgvd 41 i 56
UE PRS00 o S I 5 22 PR AL 60 pmol/L (5 IR
i~ 300 mol/L 6- - DU SRS . 200 mmol/L i
FREZVETR . 7 mmol/L DTT. 25 pg/mL i S Ak S .
25 pmol/L Fi 2 IV k4% . 50 mmol/L MES Z& 3% (pH
7.0, 25 nmol/L A M TPHLU/TPH2 # s in 2| A [F
WRFERSEE ) MOLO009572 & HF TR I N . i 4
mm (1) F 5 L B I 5 23 o 5 FE v e = o i v
P, Wk IR 300 nm, R ETEEK-N 330 nm,
O3 TR S% TR FEAE 3 nm AR AT 5 nm 4k



¢33 % 202458 $£53% B10H Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10 © 2971 ¢

2 HERESW
2.1 EFFESER S

TCMSP ¥ v 13 144 AN 24 s itk 43t
T2 BRI, TRkmiE LA 3, Bkt HEA AT
10 A or, BT RS A BRI TPHL 454
HAE. B85 TPH2 456 HHRe. RIFHZig¥ES
. ®WEn OB %%, Wik 1. 2 for. P&
LX-1031 [¥J Prime-MM/GBSA 45 & H Hfig, LA-57.73
ki/mol EJyEBIME, FiiksFa] 2 A4l 7 7
MOL009572( 1| Il Ei % , chuanbeinone ). MOL009586
(5 DUBERR, isoverticine), — ¥ kIE T )1 )1
RERSE SRR, S54RI 4.
22 HFEhHFRMBITRI A RIBZE (root-mean-
square deviation, RMSD) RZ&BEMAEITE

T T30 1544, 50 ns IHKHLZE ) RMSD
i, AR IR R RFe i, SR IWE 5. fERiE
17 15 ns Z J&, FT B R & 1 RMSD {3470 KIg 30

| 443 Chinese herb medinine |

TCMSP database |

| 13 144 compounds |

ipinski five rules & verbrer ruIe4

| 8987 hit compounds \
TVS-Glide docking screening to TPH

1 Docking core < —25.10 kJ/mol t

| 3286 hit compounds \ _ _ _
SP-Glide docking screening to TPH1

Docking core < —33.47 kJ/mol ‘

| 1310 hit compounds \

XP-Glide docking screening to TPH1 |

| 1310 hit compounds \

l—‘XP—GIide docking screening to TPH2 |

| 41 hit compounds |

l—‘ ADME prediction by QikProp ‘

| 10 hit compounds |
MM/GBSA screnning
‘ Binding energy < —241.54 kJ/mol
| 2 hit compounds |
13 Molecular dynamic simulation 4
inding energy analysis by MM/PBS,

| 1 hit compounds |

3 ERIFERERGR
Fig. 3 Virtual screening workflow and results

x1 WHHF (HAR10) MELER TPHU/TPH2 345 & 66 R MM/GBSA 44 B H#E
Table 1 Dock binding energy and MM/GBSA binding free energy of top 10 hits with dual-target TPH1/TPH2

TCMSP MM/GBSA %5 TPH1Glide-  TPH2 Glide-
. WA B A HHAE XP Al XP 4 FutE InChiKey
(kJ-mol ) (kJ-mol ) (kJ-mol )
MOL009572  chuanbginone -64.02 -10.390 -5.240 MWBJDDYEYGDWCZ-XFAHYVMYSA-N
MOL009586 isoverticine -58.36 -10.370 -5.970 IUKLSMSEHKDIIP-NPFKDHJPSA-N
LX-1031 positive control -57.73 -9.295 -8.704 XNMUICFMGGQSMZ-WIOPSUGQSA-N
LP-534193  proligand ~55.42 -13.993 ~12.696 JZWUKILTKYJLCN-XUZZIYLKSA-N
MOL004451  peiminine ~48.86 -10.220 -6.530 IQDIERHFZVCNRZ-MEYDDX0OOSA-N
MOL013439  isoagarotetrol -42.83 ~10.060 ~7.040 CWMIROLCTHMEEO-FXUDXRNXSA-N
MOL009589  korseverinine -41.57 -10.260 -6.590 GPOVTIUXVPPEKR-GNQIZWBHSA-N
MOL009585  imperialine-B-N-oxide -39.91 -10.570 ~7.560 AWVOIAPFKWRZHJI-YUYPDVIUSA-N
MOL010176  cordiline -32.91 -10.370 ~7.960 RKRBZPKEVUKTID-UVCFXTPOSA-N
MOL012295  poststerone -30.48 -10.250 -5.920 VNLQNGYIXVTQRR-NQPIQAHSSA-N
MOL010502  agarotetrol -25.40 -10.150 ~7.530 CWMIROLCTHMEEO-YHUYYLMFSA-N
MOL000805  polyorusterone -22.86 -10.360 -7.970 CCKVCMQVDJEZBL-ZYUWOXQISA-N

Bk 3] 7 PHPIRAS . M 25~50 ns 4» 13l F1 250
FRREY 250 MELZE SCPE, 15 MM/PBSA 454 H i
e A ARE R TTRRIB DL, 45 IER 3. 456 H HIREsH
596 & 5 MOL009572 > LX-1031 > MOL009586 >
LP533401, HHyiflse )y A R T a7 5 5s
gy, HRFEFEM; frahee. RmEFILERH
WA T LG, EAEH RS, MR e )
WAEAAFI TR RS A . 1E LP-533401 H5H#EbRLE &
o, AR, TR A R T AR R 2 AR 1 25

fr, ERRARAT £ T (HE R A
J1E8R, AR TR RS G fE%iE 5§ MOL009586
H, SEEFRIVOAEAE TS, TR T AR A
TEREGE, 2 MRRYAR TR R G, EhS
TPH1 456 HHBeBE fwm . HT Pl Eadr, wd
MOL009572 1§24 TPHL 4l 43+
2.3 HFINFEMUIE RMSD ERET

TH45 15~50 ns TPH1 & & LR T I3 7 il
HHE (root mean square fluctuation, RMSF), £
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x2 fwHHF (HBRT10) B9 ADME SEFN{E
Table 2 Predicted values of ADME parameters of top 10 hits
TOMSP 42 Moy S CIDS R %:L%E logOMW) %ﬂiﬁ logHERG i‘%xm Caco? 9E3 OBI% e
REMBmm ik %k RE MBiE R (nm-s 1) R /nm
MOL009572 413.64 69.31 1 5.70 4.1 -5.4 4.7 296.900 95.26 5.46
MOL009586 431.66 71.53 3 6.15 3.7 -5.1 -4.9 163.300 88.02 6.77
LX-1031 538.50 86.39 5 6.25 3.1 -7.1 6.4 5.679 45.44 13.16
LP-534193 464.70 78.12 7 8.90 0.7 -0.2 7.6 4.870 30.25 9.76
MOL004451 429.64 68.41 2 6.45 35 -4.8 -4.5 146.600 86.15 7.46
MOL012295 362.47 54.52 3 8.15 14 =31 -2.7 212.300 76.82 10.92
MOL010502 318.33 55.45 3 8.30 0.8 -2.6 -4.8 132.100 69.46 11.91
MOL000805 478.67 73.29 5 8.60 2.8 -4.6 4.1 107.700 79.81 12.18
MOL013439 376.41 66.54 4 8.10 0.8 -2.6 -5.5 186.400 78.85 11.03
MOL009589 413.64 71.47 2 5.40 43 =57 -5.0 370.100 100.00 4.76
MOL009585 445.64 70.85 2 7.45 3.7 4.1 4.1 480.600 96.77 8.01
MOL010176 413.64 69.82 2 5.40 4.3 5.4 -4.8 545.700 100.00 4.46

MOL009572

MOL009586

& 4

LX-1031 LP-534193

S FRIRMEN B FHLF S

Fig. 4 Chemical structures of hit and positive control molecules

RIWE 6. 4% TPH1-MOL009572. TPH1-LX-1031
i EE BRI AL, R R A
222~225 [X BLFN 361~371 X EL & Kksh, &
VET RAR S I B ELAE AR T 324l iA 2 &
MR EEG, (Had 2 AMA &R BB AR SR EE 3 N T
HEARE [ EFR, 1P MOL009572, LX-1031 S5#¢
WigsE, AR TR ER T RS EEE. Rk
Gh, I MEE R 2K R AE 2 R R F Ak 270~300 [X B
310~320 X Bt i 18/ (RMSF<<0.1 nm),
TPHL i 1 148 J] [ 2 JE R vk & (Leu236. Pro238.
Arg257. Pro262. Phe263. Tyr264. Thr265. Pro266,
Glu267. Pro268. Asp269. Cys271. Thr310. 11e366.
Thr367. Thr368, W% 4) RMSD W&aENEEI/N T2
ZARE A APO. LX-1031 AHBE[RFRFEAL &, A

MOL009572 5 TPH1 Z [HJE Ak T A8 Bi/K A EAE
il m-m ERRAE FHZE, ¥ MOL009572 2575 &5 i
PEOARRN, TR AR E 2RItk — o R 6.
2.4 EEEINGISRIGLER

W 7 Fror, 40998 MOL009572 X TPH1.
TPH2 iH 08 S286 A1 LX-1031 X} TPH1. TPH2 3%
PEHISEES, 1X 4 2 SEIORAE I S 1) %S98 7 i
MEAFH], B 7-a FSEIeEdRTHH 5 H, MOL009572
5 TPH1. LX-1031 5 TPH1 —# 1AM 1Cso #HIF],
¥I8 210 pmol/L. & 7-b HISZIGHE TSN,
LX-1031 5 TPH2 ({14 1Cs0160 pmol/L, MOL009572
5 TPH2 RS EHIHIPER . FTESR BB, LA
AR 3 YCPATE R, 4y U ST
Y. HAMNE 7-¢ SLEEHRE Line-weaver-Burk i
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Fig.5 RMSD graph of TPH1 protein backbone in all complexes during 50 ns MD simulation

%3 MM/PBSA & BHHEE
Table 3 Results of MM/PBSA binding free energy

waEm BNt Hrr s ae B AL A RIE AR 458 H H1BE/(kT-mol )
MOL009572 —118.498 —175.464 145.446 —13.380 —161.896
MOL009586 —49.148 —93.536 63.835 —5.006 —83.856
LP533401 —76.988 —109.060 156.159 —15.459 —45.349
LX-1031 —-177.532 —41.238 112.063 —17.896 —124.602
040 [
036 — APO
032 | MOL009572
0.28 |-
E 0.24 j
& 020 —
2 016 — 1 \j\\ A;j
012 — il f } \
008 - A j ’ V\/ A U
0.04 — “N‘
0 HH‘\H\[HH]HHI]IH‘HHIHIIIHIHHH'HIHHHlHHIHH‘HHH\H‘HHHIH'HIIHIH‘HHH[II \IH]H]I‘IIHHH[‘HHH
140 160 180 200 220 240 260 280 300 320 340 360 380 400
BRI S
0.40
036 [~ ~APO
032 [~ LX-1031
0.28 [~
E o2 |
LEL 020 — I\ i 4
ki ) A I ; "
016 ;‘ “" | J“:N.‘ A " i k\ W o | M\/“ fH ‘.;‘;ﬁ
oo IR LR LWL Y
0.08 |- AU IR W il A it e T
0.04 [~ LY
0
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IR
6 HTFHNFEIIRPEESYE TPHL SEBR SR FFRER BT A RMSF &

Fig. 6 RMSF graph of TPH1 protein backbone in all complexes during 50 ns MD simulation

2k, R MOL009572 \ion i s Ml s . TPHL ELAER B4R A R S  n-Alkyl HEFRAE T,
25 ZEBRNSTRS FNFENSIBL B RN LK 8. MOL009572 5& LR IE Tyr264 2R
Discovery Studio Visualizer 73# MOL009572 5 #l&5#, 5 Thr265 JE i i, 3+ H 575 Val232,
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R4 HFHAHFERTIED TPHL F ORI 5E%RE RMSF &
Fig. 4 RMSF graph of key residues in active pockets of TPH1 during 50 ns MD simulation
AR T Apo MOL009572 LX-1031 | &EMREERS Apo MOL009572 LX-1031
Leu236 0.160 0.080 0.103 Glu267 0.142 0.108 0.110
Pro238 0.094 0.070 0.084 Pro268 0.091 0.062 0.076
Arg257 0.081 0.059 0.053 Asp269 0.081 0.050 0.050
Pro262 0.107 0.076 0.074 Cys271 0.089 0.056 0.060
Phe263 0.171 0.088 0.189 Thr310 0.078 0.057 0.091
Tyr264 0.161 0.059 0.165 11e366 0.172 0.088 0.154
Thr265 0.101 0.056 0.076 Thr367 0.178 0.076 0.149
Pro266 0.128 0.066 0.089 Thr368 0.148 0.108 0.138
a b
10 . O-LX-1031
oslh O-LX-1031 osl 0-MOL009572
: 0-MOL009572 :
é; 0.6 = 0.6}
H #H
W 04F $1 0.4fF
0.2 0.2}
0 0 " " M M M N
-8 -7 -~ -1 0 8 -7 6 5 -4 3 -2 -1 0

5 4 =3 -2
Log [ 57 F£/(mol L.79)]
c 0.18
0.16 |
0.14 |
012 t
010 }
008 |
0.06 |
0.04 |

=l

O-0 pmol/L

1/V/(min pmol )

0-0.50 pmol/L

A-0.25 umol/L

2
Log [l 7 EZ/(mol L 71)]

0.05

003902 @

0.1

0.015 0.2 0.25

1/[TPHL/(umol L 71)]

a- X NVEHE TPHL PR b-%f AVEHE TPH2 MMt c- AR EEINHIF MOL009572 (AT EEIF) Lineweaver-Burk ik
a-inhibitory effect on human TPH1 b- inhibitory effect on human TPH2 c- Lineweaver-Burk curves of initial velocities of different concentrations of

inhibitor MOL009572

7  TPHLUTPH2 BgiE NI SLI8
Fig. 7 TPHL/TPH2 enzyme activity inhibitory test

Leu236. Pro268 JEHL Alkyl HHEAEH, 5 Phe241,
Tyr235. Phe318. His272 i n-Alkyl HERREFT,
XA it Z - I B A & . il 9 B,
TPH1 5 LX-1031 M EAE AU A S8, i n-n
HEARAEH - LX-1031 5% 3E Glu317.Ser336.Arg257.
Thr265 TERCH A, S55kEE Tyr235. Argl2l %
RS, RIS Tyr235, Phe313. His272 i
n-n HERRMEA, 5 11e366. Pro268 /% n-Alkyl 55,
Alkyl FHEAER o 1XSeEH 45 G REFFIK, LX-1031
SR, 5 TPHL GO B Es &, TR
5E FSZAR-H0HI 7 2G4, BEAK TPHL BE A 1Ak d 14,
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