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Screening of the anti-COVID-19 active
ingredients based on prescription mining

l

143 Traditional Chinese medicine J)rescriptions were collected
based on COVID-19 diagnosis and treatment protocols (trial
version 8) and clinical treatment prescriptions

l

Collected 209 kinds of medicinal
materials in the prescription

I
1 1

TCMSP database Literature reported main active

OB>30 and DL>0.18 . ingredients of traditional
Screened active ingredients Chinese medicine for COVID-19

diagnosis and treatment

640 Candidate active ingredients

Constructed the database of candidate
active ingredients in traditional
Chinese Medicine of COVID-19

Fig. 1 Flow chart of screening candidate active

ingredients in traditional Chinese medicine for COVID-19

FICRCEI A 6, BLHIIIZREE T 6 1~/ 3L )
FAIE RN o 1812 28T IR 2R, PP (E
SRATRER YIS DL T, PRSI PG W DE I R4
LG ARTE VAL A Yy VE RERE AR A 25 A DIt 2
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Table 1 Parameters of 10 pharmacophores based on common molecular characteristics

Model number Feature Rank Partial hit Max fit
01 RHHAAA 90.167 111111 6
02 RHHAAA 90.160 111111 6
03 RHHAAA 89.952 111111 6
04 RHHAAA 89.834 111111 6
05 RHHDAA 89.760 111111 6
06 RHHAAA 89.233 111111 6
07 RHHAAA 89.028 111111 6
08 RHHAAA 88.771 111111 6
09 RHHAAA 88.771 111111 6
10 RHHAAA 88.684 111111 6

Significance of the “Feature” series: “R” stands for aromatic ring center, “H” stands for hydrophobic center, “A” stands for hydrogen bond

receptor, and “D” stands for hydrogen donor.



WA, & ETRAEZERS S FIHAEEMFEETELRFRESERRES2

2022; 49 (10D BEIFF S FRHR 1893
lo.oo0
0.050
91 895 994 - O N L e D N T e Bo.100
91 895 992 0 B .. . B I :
91 895991 [ §  §F § sy 2 ey 0§ 00§00 | o.150
91 895 982 I L sl [ | I D [770.200
91 895 981 e e . s B B :
544 2414 ________=_ [0.250
o 443 231 B I L s s | E— [710.299
= 44455430+ I N R ) S B e B :
5 44377126-2 e ] I D D . 0349
< 44455407 e S s f s [10.399
£ 44455015 I N D I I N I I N ’
= 44454959 [ ] Sy 0 sy e | Wo.449
g 44377126 I N s [ s s [770.499
% 24776245 I I I I I I N N e
24 776242 I D [ st B 0.549
%2;;66223191 [ | I D D D S I S 0.599
ey I . . | e 0.649
%3;123%2- L ' s s [ B 0.699
01 02 03 04 05 06 07 08 09 10 Mo.749
Pharmacophore o798

Fig.2 Heat map of 10 generated pharmacophore models evaluated by test set
The horizontal coordinate represents the generated pharmacophore, and the vertical coordinate represents the small molecule that the pharmacophore

matches in the test set.
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Fig.3 The optimized pharmacophore produced by HipHop and the matched potential compounds
(a) The preferred pharmacophore 08; (b-h) the candidate ingredients matched by the preferred pharmacophore.
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Table 2 Information graph of main active ingredients screened by the virtual screen

Model ID Compound name Fit value Structure type
MOL007412 DMQT 4.039 62 Sweet wormwood herb
MOLO004898  (E)-3-[3,4-dihydroxy-5-(3-methylbut-2-enyl)phenyl]-1-(2,4-dihydroxyphenyl) 2.606 74 Licorice root

prop-2-en-1-one
MOLO005001 Gancaonin H 2.237 94 Licorice root
MOLO012556 23-Trans-p-coumaryhormentic acid 2.208 93 Loquat leaf
MOL000239 Jaranol 2.158 06 Licorice root, Mongolian
milkvetch root
MOLO003306 AConl 001697 2.07513 Weeping forsythia fruit
MOL002911 2,6,2',4'-Tetrahydroxy-6'-methoxychaleone 2.024 06 Baikal skullcap root
MOLO004653 (+)-Anomalin 1.995 70 Chinese thorowax root
MOL003295 (+)-Pinoresinol monomethyl ether 1.936 77 Weeping forsythia fruit
MOL004866 2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-6-(3-methylbut-2-enyl)chromone 1.860 20 Licorice root
MOLO012760 Sanggenone M 1.737 57 White mulberry root-bark
MOLO011732 Anomalin 1.730 30 Davaricate saposhnikovia root
MOLO007180 Vitamin-e 1.717 82 Germinated barley
MOL002927 Skullcapflavone II 1.619 13 Baikal skullcap root
MOL003290 (3R,4R)-3,4-bis[(3,4-dimethoxyphenyl)methyl]oxolan-2-one 1.589 16 Weeping forsythia fruit
MOL002235 Eupatin 1.507 30 Sweet wormwood herb
MOL007082 Danshenol A 1.485 57 Dan-shen root
MOLO007018 9-Ethyl-neo-paconiaflorin A_qt 1.472 60 Common peony root
MOLO007050 2-(4-Hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-methoxy-3-benzof 1.237 80 Dan-shen root
urancarboxaldehyde
MOLO005317 Deoxyharringtonine 1.190 92 Ginseng root

3£ (GLN24, THR27. TYR83, TYR41, LYS353.
LYS354), Jf LA A XHERGPEAL & o R Libdock
VMR A T, BRV N A
XA RPN Z R SIS, T MER T hem
FITSIL R, YE#E SH I RBD 5 ACE2 (45 &0 A4k
K HE IR T B R A EAE RNy AL G

FVEFETEPER Ay . N3 R, LR 104~ /Ny
TAEY, 100/ F e E ENES2, BT
ISIEXT LS A 3, [ A Auto Dock Vina %
PRIRUE T X 45 . 7E Libdock it i 10 ™Mb &
P, A3 MMEA S S B H/ACE2 U 5 Ak 5
IR H AR EAER (K4).

Table 3 Molecular docking results

Model ID Compound name Libdock score Representative medicine ~ Representative prescription
MOL003295 (+)-pinoresinol monomethyl ether 122.963 0 Weeping forsythia fruit Shufeng Jiedu Capsule
MOLO003306 AConl 001697 102.454 0 Weeping forsythia fruit Lianhua Qingwen Capsule
MOLO004898  (E)-3-[3,4-dihydroxy-5-(3-methylbut-2-enyl)phenyl]- 99.200 9 Licorice root Huashi Baidu Formula

1-(2,4-dihydroxyphenyl)prop-2-en-1-one
MOLO004866  2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-6-(3-methyl- 98.434 8 Licorice root Huashi Baidu Formula
but-2-enyl)chromone
MOL005001 Gancaonin H 97.298 2 Licorice root Huashi Baidu Formula
MOLO012556 23-Trans-p-coumaryhormentic acid 91.597 8 Loquat leaf Zhikepipa Mixture
MOL000239 Jaranol 87.061 0 Licorice root, Jingfang Baidu San
Mongolian milkvetch root
MOL004653 (+)-Anomalin 78.409 6 Chinese thorowax root Qingfei Dayuan Granules
MOL007412 DMQT 76.010 6 Sweet wormwood herb Xuanfei Baidu Prescription
MOL002911 2,6,2' 4'-Tetrahydroxy-6'-methoxychaleone 75.299 5 Baikal skullcap root Chaihu Daxiong Mixture
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Interactions
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——A [] : van der Waals B : Pi-Sigma

C ‘/L D) [l : Conventional hydrogen bond []: Alkyl
[]: Carbon hydrogen bond []: Pi-Alkyl

Fig.4 Molecular docking mode between human ACE2 and potentially active compounds
(a) MOL012556, (b) MOL004866, (c) MOL003306.
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1r —— : MOL012556

RMSD of ACE2/A

®)
20+

15

10

RMSD of ligands/A

—: MOLO003306
—— : MOL004866
——: MOLO012556

1 Il 1 1

50 100 150 200
t/ns

Fig. 5 Time evolution of RMSD for each system during
MD simulation
(a) Time evolution of Ca RMSD of ACE2 during MD simulation
protein. (b) Time evolution of the RMSD of each ligand during MD

simulation.
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MOLO012556 /N3 TR SR AL FE S w1 285 5 o i, oAl
PN FE G0 R AT, #3h 3] ACE2 stk
WAk . K’ 6 B /R T MOL012556, MOLO004866 .
MOL003306 —4~/Nor 75 ACE2 745 & A H it i
eSS SMEE-. X T
MOLO012556 (&l 6a), TE4S G0k, H cC21,
C39 MIC15 i #2345 5 ACE2 (1) ASP350 (2.6 A) |
MET383 (2.7 A). ALA386 (3.0 A) a3 A%
MEAEH, LYS353. ARG393 5 MOL012556 3 i3
A BEAEHS A . BRIz, GLY354,
PHE356 Fll ALA387 5 MOL012556 i i 5 /K A B A
45 A TE— . MOL003306 5 MOL012556 ELA 4
I g4 A meE, HERBAFEBLE S I
MOL003306 = 3 i+ 5 7K A B F 45 & 1€ ACE2
R R AL, Hodh 445 . PHE40, TRP69 Fl PHE390
ERCA R Y Pi-Pi g K HERUE T ; LEU73, LEU391
5 e A4 8] /9 Pi-Alkyl 5 K 7E H 5 LA & GLN102,
ASP350 55 Jic {4 [a] () & L AH B AE A (E 6c) o
MOL004866 ( &l 6b) . CI18 {3 &% C19 fii 2 ¥t 5
ASP382 il i & B A HOME 45 A . 4,
MOL004866 i & # i A & /E H 5 ASP350,
ASP382 Fl LYS562 4 &, i si /KA BEAEH 5
PHE40, PHE390 fllLEU391 %54 .

BRI, bk 3 Mk 25 W # T L5 ACE2 JE 1
FENESY, JUHEMOL012556 i LL45 &4 1E S
FEHS ACE2 RIS . B 7 MOLO012556 254
HIJE S5 ACE2 IZ5 SRR A, ol S
& SE M, KERE N TCEIARR Y ACE2 3244,
B &1 45, 38 A A MOLO012556 /N3 )& ACE2 #4)
%o MBS A, Il a5
7a), ACE2 &Mk HE TYRA1 AUMIGE £ FE- TR 5%
H5 SRR THR550 |1y F8EE R TIE

Table 4 MM/PBSA derived binding free energies (kcal-mol™) of small molecule compounds and ACE2

Mol ID AE 4y AE,, AG ) ot AG ) onpolar AGy;ing
MOL003306 -39.3+0.4 -2.9+0.2 7.0+£0.2 20.5+0.3 -14.6+0.4
MOL004866 -32.6+0.5 -10.2+0.5 12.7+0.3 19.5+0.2 -10.5+0.5
MOLO012556 -47.240.5 -5.240.3 9.4+0.2 28.1+0.3 -14.8+0.5

Numbers after + present standard errors.
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Fig. 6 Representative poses of ligands binding to ACE2
with the lowest—energy during MD simulations
(a) MOL012556, (b) MOL004866, (c) MOL003306. The grey cartoon
model represents ACE2; the rose stick model represents ligand
molecules; the green linear model represents the critical amino acid for
protein and ligand interactions; the yellow dotted line represents

hydrogen bond interactions.

MR A BEAEH . AN, ACE2 2 2k R ik 5
LYS353 73 il 5 S & H 2 A& IR 5k GLY496.
ASN501., GLY502 JE st i S B AR BAE o 2R
M, X MOL012556 455 UG (B 7b), SEHS
ACE2 [ S AH BAEF, JUIR: R U A LA
Msgaied . BIKKE, MOL012556 /Ny T 5
ACE2 454 I sURAH EAR AL, M 4S5 Ref
AABH BT SARS-CoV-2 S & 575 £ 41 ACE2 455,
HE T BH W AR U R . ZE b, AR SCHE
MOLO012556 /N3 1 A7 7T fEJ2& —F i £ 1 SARS-
CoV-2 il 1 .

@ 'y ey B
Gy 9% -

s st

TYRAL [ ASNS01 1
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[/¢ "

¢ o yssy
ACE2 : ~
Fig.7 Binding models of S protein to ACE2

(a) The ligand free model of S protein/ACE2, (b) the binding model
under the interaction with MOL012556. The yellow cartoon model

represented S protein; the grey cartoon model represented ligand free
ACE2; the rose cartoon model represented MOL012556 binding ACE2.

3 #

J T RN SARS-CoV-2 HA e HIAE i
ISR, ASCE SRR T COVID-197R77H
2i4bT5 1434, AR AFIBIMEERL . Seb] k0
A, BRI AT | VIR R
B ARG BT . 1k A A A
Hp MM UG B85 . 480, |
O MAENAE, X2 P RIE 7E BT SARS-
CoV-2 g 8| — & EH ), REARSCIAE STt
T AT REME . ARG — 20k R T RCAAR 1) R 1125
P, o AHER T3 1 AR TR T
X2 I PR A2 5 ACE2 2 H B EAEAL I -
gE IR F I, MOLO012556 /N53F5 ACE2 454 g
A R BT SARS-CoV-2 S 4 115 15 F- 41 Jifd ACE2 iR
B CEEAR BAE . BRI, #EI MOLO012556 /N7y
TR —Fh AL SARS-Co V-2 1|7 .

MOLO012556 /N 7+ F 4 FK  23-trans-p-
coumaryhormentic acid, H: OB & 36.08, DL N
0.32. 23-trans-p-coumaryhormentic acid 42 {1 25 #{ AR
M A ROE R Y, AR A O AR A
R bR WOk . B L R . R R R
Y. IR AT . MR R A S . =
s LIRS . FERMISSE LAy, FEMT
TR BRI, RIS BRI . BRIk
W%, PUIGEF4Etl . braEfh. BRmoRE . Ui, 1k
SGZGHMER ', I PHAE B LT 4 2 Ak 5 4T
XHEESRTE [C T 2 iR 37 Bl 45 COVID-19 A H]
PLEE, & BRAE LG AR b 2R M o) i
5 COVID-19 AHCHRbRES &, it 2R EY) =ik
X COVID-19 A AE AR o Ji 3 55 0 Tl 1k
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WZALAE &7 T 1 COVID-19 (7 FPLHI 5 H 2538
AR R b ey, g G T hes
PR . PUREE RIS SRR SN 2.
Z W57 T COVID-19 IfEHT . LRI L, AbAE
Proe. B 1B UL AL TAE COVID-19
BT REE RAEN, HA R0 M o 7Rk
COVID-19 %¢ s EHte #8245 h AR 19 1 -

Hl, ©4 K ACE2 FIJk#E S & M A B AEH
[R¥ETE COVID-19 2595 . A WFoE il T wifh
S ACE2 M a5 S 25 FUM BEAE /N7, 4390l
J5 SSAAO09E2 ( -8.04 kcal/mol) #iI Nilotinib
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Screening of Potential Inhibitors Against SARS—CoV-2 Based on Prescription
Mining and Molecular Dynamics Simulations”
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Abstract Objective To detect the active ingredients in the traditional Chinese medicine prescription and its
molecular mechanisms against SARS-CoV-2 by prescription mining and molecular dynamics simulations.
Methods Herein, prescription mining and virtual screening of drugs were performed to screen the potential
inhibitors against SARS-CoV-2. Molecular docking and molecular dynamics (MDs) simulations were further
performed to explore the molecular recognition and inhibition mechanism between the potential inhibitors and
SARS-CoV-2. Results The natural compounds library was constructed by 143 prescriptions of traditional
Chinese medicine, which contained 640 natural compounds. Ten compounds were screened out from the natural
compounds library. Among the 10 compounds, 23-trans-p-coumaryhormentic acid, the main active constituent of
the Loquat leaf, showed the best binding affinity targeting the recognizing interface of SARS-CoV-2 S protein/
ACE2. Upon binding 23-trans-p-coumaryhormentic acid, the key interactions between SARS-CoV-2 S protein
and ACE2 were almost interrupted. Conclusion Ten compounds targeting SARS-CoV-2 S protein/ACE2
interface were screened out from natural compound library. And we inferred that 23-trans-p-coumaryhormentic
acid is a potential inhibitor against SARS-CoV-2, which would contribute to the development of the antiviral drug
for SARS-CoV-2.

Key words inhibitors for SARS-CoV-2, prescriptions of traditional Chinese medicine, mining, molecular
docking, molecular dynamics simulations
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