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H OE. B @ HENUE LA HERB s 122 524 5 4 A i 128 R A 1) B e PR P B 32 B 1 (main protease, Mpro).
KJNFEE RS (papain-like protease, PLpro) FIZZ{A%E 418 (receptor binding domain, RBD) ()37 178 7 1) 75 3 1) ik oA
HAERMUE. A% LU HERB 3R R SR I R G ATHIEN G, LR 518 2B, 7 F X4, ADME-T Tl
I FEN TR AT 12 A RA- B R 222 R AR (molecular mechanics Poisson-Boltzmann surface area, MM-PBSA) &1t 41
T, BREUHE A7 AR R # H Mpro. PLpro T RBD %5 2 A8 s V8 LEHIHI R, S SR P Wi 0 ek 00 o) S50 AN JC A VIR B
X Mpro FIFIHIZCR . 28R {b&% HBIN006454. HBIN032286 il HBIN031053 %} SARS-CoV-2 f{] Mpro. PLpro fl RBD #E
YRR EFEMT . Hd, B kP HBIN031053 B A W AFRIR2 MMz sh ket B 5 &G FT R E &4
RSy T 1B B R I R AP IR e . MM-PBSA 24 it — 5387~ T 7F HBIN031053-Mpro. HBIN031053-PLpro
DL HBIN031053-RBD (45 & R HE A F I B TR AR S, FRIRN IR 7 ILHh e 75 B LR M QML o B P ) o
RN, MECRIRIIRT Mpro AHIHIECR . 458 RS HBIN031053 A {F #E [ SARS-CoV-2 H1 Mpro. PLpro il
RBD 550 & RV TE ST B4 551
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Virtual screening of novel multi-target inhibitors against SARS-CoV-2 based on
herbal ingredients of HERB database

SHEN Wenjing, RAO Qingging, WANG Xing, QI Yiyu, YANG Shengxiang
College of Chemical and Materials Engineering, Zhejiang A&F University, Hangzhou 311300, China

Abstract: Objective To screen novel potential inhibitors against SARS-CoV-2 main protease (Mpro), papain-like protease
(PLpro), and receptor binding domain (RBD), and elucidate their interaction mechanisms through computer virtual screening from
herbal ingredients of the HERB database. Methods Natural compounds obtained from the HERB database were prepared for
screening objects. Computational methods involving pharmacophore modeling, molecular docking, ADME-T prediction, molecular
dynamics (MD) simulation and molecular mechanics Poisson-Boltzmann surface area (MM-PBSA) were comprehensively used to
obtain potent inhibitors against SARS-CoV-2 Mpro, PLpro, and RBD. The enzyme activity inhibition assay was used to evaluate the
inhibitory effect of the plant extracts on Mpro. Results Compounds HBIN006454, HBIN032286, and HBIN031053 all showed
high binding affinities against SARS-CoV-2 Mpro, PLpro, and RBD. Among them, HBIN031053 from Morindae Officilis Radix had
better drug-likeness and pharmacokinetic properties, and the complexes formed with each target demonstrated favorable stability in
MD simulations. The results of MM-PBSA analysis revealed the amino acid residues that played a key role in the binding of
HBIN031053-Mpro, HBIN031053-PLpro and HBIN031053-RBD, and further elaborated on their mechanism of inhibiting viral
protease activity. Enzyme activity inhibition assay showed that the plant extract of Morindae Officilis Radix had an inhibitory effect
on Mpro. Conclusion The natural compound HBIN031053 can be used as a novel potential inhibitor targeting SARS-CoV-2 Mpro,
PLpro, and RBD.

Wi BEA: 2024-02-26
EeWH: EXEARRFEEIH (32371536); ERKEHAFHAESIE (32301259); HK HRFHAEETH (32271527)
EEB N LoC# (1997—), Wi-E#tst4:. E-mail: isshenwj@163.com
HEEESE: BEET, UHH, AFLWFE 05T, E-mail: qyy@zafu.edu.cn
WERE, Bz, LA, WERARGMUED T, E-mail: shengxiangyang2000@163.com



* 3610 °

¢HH 202467 $55% FEUP  Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11

Key words: HERB database; SARS-CoV-2; multi-target; pharmacophore; molecular docking; molecular dynamics simulation;

Morindae Officilis Radix

b ™ B SRR 2R A AR R # 2 B (severe
acute respiratory syndrome coronavirus 2 ,
SARS-CoV-2 ) 5l 2 iy B & e K e 35 i %
(coronavirus disease 2019, COVID-19) [{lEKR %A N
K&l LG 7 ERfGFH. #E 2024
F2 1, HATAEHLAAE COVID-19 4 3KifH2
W 7.7 12, IS Eukd 700 SFIBET. BE
% SARS-CoV-2 IAWHEAS, HERIIERFEIE K. 2
M, 23 ZINATHIIRTT SARS-CoV-2 UL 2541k
KRHI

SARS-CoV-2 J& — M A ) 1E [] 58 RNA
B, FUREDRZH T gt 4 Phafy B R0 16 MpaESE 1 R
4 (non-structural proteins, NSPs) [, Fij4 {45 ik
M (spike protein, S). fEZE A C(envelope
protein, E). E&H (membrane protein, M) Flf%
KFHEE (nucleocapsid protein, N), 7E AR &
HARE L J5 # (NSP1-NSP16) | % SARS-CoV-2
FE AR (main protease, Mpro) FlA JIVEE A i
(papain-like protease, PLpro) Zf#nTiAE H153,
Mpro 1 PLpro 7Ej7 B¢ Efil R CHEH, C RN
Pt SARS-CoV-2 ZjWift K4 s dAR. Vuong %52
KL GC376 Mid4E & Mpro G, HEMTA XL
] SARS-CoV-2 & i, Fu BRI, {FH
GRL0617 #)i#l] PLpro [F£f EA BHKr SARS-CoV-2
B EHIHIHE ST - Mpro FISSHIZERDIRI 5 = FEOR ST
FECANE) SARS-CoV-2 AR A i RAFHIZR B, KA
SRR A T RO B AR AR = AN TT B IRE. it
4b, SARS-CoV-2 MBI HKIM S HHMKIRZIASLS A1
(receptor binding domain, RBD) 1K |21 2 [f 1) L &
X5k K AL EE 2 (angiotensin-converting enzyme,
ACE2), M2 A\ 15 = 1 1E H 4H e, Kk, FHKT RBD
5 ACE2 45 &4 SARS-CoV-2 #1771 T & A
TAEZEEK. 25 ETR, [FIREE R Mpro. PLpro
A1 RBD, 1 FH L5 B AR A0 2 K L
SARS-CoV-2 JE G2 (I B LT IR SRS

W 2 g B 4L 40 [ 2% (traditional  Chinese
medicine, TCM) [JE A H 7, B KEAH
RBIRRIED . 125 A1k, —Ea kB FEZ T
T A EL N T COVID-19 FVAIT 47, e
OHENBE. S0, HERSES, R

KRB SARS-CoV-2 il 71 7 T B A7 T el 1 A5 o
HERB AF4HHHE (http://herb.ac.en/) L4 Tk
H 7 000 AR EUT AN RBREY), IR
2t R B EE R XU, AR5 S BT EAL
R LT 0 TV, AR B R SR AL & W R 3R B X
SARS-CoV-2 2 s B fEHI I 7), dteidtia
J7 SARS-CoV-2 & 4L 25 WA R H AR o
1w

7 IR I% B Mpro/3CLpro #1157 ik 1475 &
(R, 185 P0315S) M H Ll = RAEVEA
AIRAT, EECRSEERY (s, k'S 2401168)
W) P T W R AR A PR A A
2 A&k
21 HEREREZESHYUAWE

M RCSB PDB ###/% (https://www.rcsb.org/)
4% SARS-CoV-2 Mpro (PDB ID: 7VH8, 0.159
nm). PLpro (PDB ID: 7JRN, 0.248 nm) 1 RBD (PDB
ID: 6L.ZG, 0.25 nm) [¥)2 F Fi 54414891, 148 PyMol
X ER A R BRI T PN R . {f ] AncPhore $EHUEE A
Jo3 S5 46 (1) 245 R B4 B IR L B A& 2 Pharmit P&
(https://pharmit.csb.pitt.edu/) DLk 25 2 R R0,
2.2 HHAKIESTHIR

Z [ Halimi ZE020 75 10 25 8 A AT 56000, 17
W7 AE B R 48R (1) REE (sensitivity); (2)
Fe5PE (specificity); (3) JEHEALAE Y HE (yield
of actives, YA); (4) ¥ (enrichment factor,
EF); (5) it (goodness of hit, GH). it
FRbRIz IR A X TR AT T

sensitivity=Ha/A X 100 L
specificity=ture negative/D X 100 (2
YA=Ha/Ht X100 3
EF=YA/(A/D) X 100 4
GH=[Ha(3A+Ht)/4HtA] [L—(Ht—Ha)/(D—A)]
(5)

Ha #53& k& W6 % (active hits), ture negative & K iy
HIB AL AL, HE fradrh 3 (total hits), A FRTEME
&Y% Cactives), D FEEHIHLEYIEL (decoys)

JH I SCHR VRT3 AS 2t v 1 S U0 50 UE X bR
HEAMH AR Ny 7, A DUDE V&
(http://dude.docking.org/) 4 — RYIFEEML S,
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B eSS TS AN AL Sy 2 A ghar
(PIPE_ AR A Pharmit P9k, 45 A A4 2 0 24 R0 A
RUHEATIRGE, DA E Re 8 r A8 i 45 2R 1) 24 2k AT A5
A F M HERB #5048 FE A4S 11 311 33 495 /R AARYL
A1) SMILES 3 AL 2] Pharmit (G, FFA8 5
HEI 25 BEAT R ik
23 HFFE

{4 FH AutoDock Vina X} 285 24 35 ik i1k &
Y5 SARS-CoV-2 Mpro.PLpro Al RBD #E /4 3 5l i
1T FxHER4, Mpro 1 PLpro [RSEMENL a5
BT P R 3L G P R AR O A2 &, RBD T
AR BT SH TR - RBD 5
ACE2 1146 Xk, HH, Mpro F PLpro [FX 426
T RN E N 2.6 nmX 3.0 nm X 2.6 nm, RBD f]
AT RN E N 2.6 nm X 3.8 nmX 2.6 nm. 3
#FRE A (Mpro. PLpro A1 RBD) FX2 &+ Fhils
L4350 (-19.952, 17.263, —23.280). (16.191,
-10.650, 29.451) F11 (-33.550, 28.300, 5.080). N T
BRI SR, {8 PyMol i1 LigPlot*
53 AILL 3D F 2D AR 73X e R AT n AR R,
2.4 ZKZAMITEEHF ADME-T 7l

i FH Lipinski 2254 TORUU S 437Xt B h 45 &
RINBIF R IR IEAT IS 251 VAl o A5 R i
I3 AR, HEMEFIEE % (absorption, distribution,
metabolism, excretion, and toxicity, ADME-T) £
HOOE O Ak A W I 2 B 28 e v R B DS, R A
SwissADME Chttp://iwww.swissadme.ch/) 1 Protox 11
(https://tox-new.charite.de/protox_II/) Tl frik it &
YIS 25 R ADME-T 2 $117-181,
25 DFEHFER

ff H Gromacs Xf i ik tH b A ¥ 5
SARS-CoV-2 Mpro. PLpro 1 RBD 4373347 100 ns
(513 1 AR BN 518 ) AR R 5
KA Charmm36-jul2021 77371 CHARMM-modified
TIP3P /KB, SR pdb2gmx BEbRA: sl 2K 1
A, K SwissParam  Chttps://mww.swissparam.ch/)
A SACE PR N SCAERY . RN B R E S
K E RO IR B B A AN T 1nm.
T R EEAMEAUAR R FLT, £ Mpro BRI 4
A~ Na*, 7E PLpro &K ZHMA 24~ Cl-, 7£ RBD 14
AN 2 A~ Cle #:4, SR RETREE &M
HAHVRHEAT 100 ps 9 NVT A1 NPT P, ffifk R4k
F 300 K [#)iR A1 100 kPa (IR Fo N T 25

HWHE AR EE P MaEETER, M
gmx_MM-PBSA F2 7%} 43 F 3l /1 S A5 2 B
I HET MM-PBSA 5122,
2.6 BEEIEEHDSIKIE

T SARS-CoV-2 F1 Mpro {537 8¢ 2E i & # h
RYEWIOCERAER, DL 2548 B DR sF AL I 5%
A, e Mpro AT BEE PR ) S50 AVEAL 57
I 25 S A EE

SR P UL T SR80 . K B RS
Vs AL DMSO A HH LA 1) AN [R) 9 R RO it T
W FERR IR b B A 70 2 2019-nCoV
Mpro/3CLpro it il i& & 45 & w5 (i S
2019-nCoV Mpro/3CLpro (LI 90 & 1. 7E 96
FLEAR AR I 91 pL BRI AR S uL A b
W, 1RE), B 4 pl R POE I &L, 182D,
DA 91 pL (ks € 1071) 5 pl 1) DMSO ¥ A 4
uL P AL 100%E & TEXTRE, DL 91 uL 195
Mreg i~ 5 ul 1) DMSO %A 4 uL (1) fL
R AN, AR T 2 NEE LRI A 3
RS . 37 CHEOLIFE 5min 5, N2 ThEE
B FRACHAT 6 e (BOR BN 325 nm, R
K393 nm). KRN DN HESLANEE f FLIAS AR
KA (relative fluorescence unit, RFU) Ty
EA HHETN RFU s RFU 000l RFU pego
NHEBRTEPISE U AR B 5 0SB0 45 R ) s, 1
VT AH LA [F)R BE AR it i AL DA s e 2 A
HEBR M (RFU s o BEANFE S A2 015
b3

) 2 = [RFU1009mis 0501 — (RFU s — RFU )]/
(RFU100%mittrts— RFU seang)
3 H#HR
31 AYEARIESIHIE

Ry 24 2 A Y FR PPN 4R AR SRR S R (3R 1)
&, ¥ SARS-CoV-2 Mpro. PLpro #1 RBD Jif#4y
BRI ABA ) YA {EISAMET 0.8, i HBA
BETE T B R BF H oy o R 5 I8 IR A
PEriS AL S8 A S YR OGS, A
=, RPAZSERAGEM . HF, ¥a RBD 24
AR EF {E =, H k2 PLpro Al RBD. GH
T 0~1, ARG, H GH fEilkEL T 1.
Nk 1 Fizn, PLpro (¥ GH {EI& K (0.787), 1 Mpro
A1 RBD K GH fEAAX e, 73179 0.849 Al 0.874.
23 IR R 25 AR A S U Bk 2 fs . Hod,
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%1 SARS-CoV-2 Mpro. PLpro #1 RBD BYZ53{F38iELE R
Table 1 Results of pharmacophore validation for
SARS-CoV-2 Mpro, PLpro, and RBD

WA TRbR Mpro PLpro RBD
B G 790 719 785
A YL 32 26 30
A HRE AL A B 26 20 25
Ay HE AL A WAL 6 6 5
TG 758 693 755
KA FEEA G YEL 754 688 752
A EAL S 4 5 3
S 30 25 28
REE 0.813 0.769 0.833
Rtk 0.995 0.993 0.996
AL A R 0.867 0.800 0.893
BERT 21.396 22123  23.363
AL 0.849 0.787 0.874

*2 ZEUBMIENAYEAERSY
Table 2 Validated pharmacophore model parameters

W 2 L
X y z
Mpro HD —21.0180 13.3410 -19.814 9
HA -18.4517 12.3329 —22.4351
HY —21.0357 19.229 7 -30.361 8
PLpro HD 10.480 4 -5.4559 33.985 6
HD 5.596 8 -2.902 7 32.488 5
HA 7.784 1 -3.0317 33.9554
RBD HD —38.040 8 21.260 2 2.526 5
HA -36.165 8 23.224 4 4,758 6
HA —-26.963 9 23.455 2 1.2201

HA o~ S 4 524 Chydrogen bond acceptors, H-bond
acceptors), HD F/RE4ME4k (H-bond donors),
HY %orgi/K1EH Chydrophobic interaction). 1 /1]
253 BOAIE (1 2 2 A LAY % 33 495 /K | HERB £
FERI R S WDIEAT VI TR, 19317 899 ANl &
2 2 H1 SARS-CoV-2 Mpro.PLpro #1 RBD 24 %5 [4] 4
HBH R EY) X LI i 245 R A A i 6 11
WAV AT IHE— 2 0 5T RHEIE T
3.2 T Mpro. PLpro #1 RBD 894 Fxf#%
B, NEIEX SRS, SRR
Bt i 3 A SARS-Cov-2 /h 4F T 40 i 5
( PF-07321332[1 | GRLO0617[ A1 glycyrrhetinic
acid?) 435l 5 Hxf R AR (Mpro. PLpro 1 RBD)
BEAT X 2. 45 R &R, PF-07321332 5 Mpro.
GRLO0617 5 PLpro. glycyrrhetinic acid 5 RBD X}

L4577 h—39.748. —41.003. —33.890 kJ/mol,
$)<<-29.288 kiimol, FTHIXIESHTEE. AL
RIS 201 899 MR AW SARS-CoV-2
1) 3 AMEFRIEAT o TR SRS R LK 1. A
Mpro. PLpro #1 RBD # i #2 e E3E 7 A
—31.380. —30.543 #11-29.288 kJ/mol, 2B 2455 4]
BRI T IR CL IR R — 4 55 SARS-CoV-2 £ #E fi 4
LRI ED.

—15E

—20
—25

—30

RBD £ & fit/(kJ mol )

-35

—40

—45PLpro 45 & RE/

Mpro 45 & _
pro 455 e/ 15 (kJ molY)

(kJ mol™?)

1 899 MRALAMS SARS-CoV-2 &1 Mpro. PLpro
#1 RBD BxfHE4ER
Fig. 1 Docking energy between 899 natural compounds and
SARS-CoV-2 Mpro, PLpro and RBD

T L BT TR AL, EREET A T AR A
55 3N S Sh G SR FN 77 E ARE XT SARS-CoV-2
Mpro. PLpro 1 RBD #5452 A R BEUFH 3 MK
SRk & W ( HBINO06454 . HBIN032286 Al
HBIN031053, & 2) 1 B4R B X 42 g m Al vl s (R
3, 3IMLAEMIRE S B0 2 NIRRT S

HBIN032286

HBIN006454

O.
LY
O
OH
OH

HBIN031053

2 HBIN006454. HBIN032286 1 HBIN031053 K444
Fig. 2 Structures of HBIN006454, HBIN032286, and
HBIN031053
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3 &% SARS-CoV-2 Mpro. PLpro #1 RBD ¥ &424 %
MBIFRY L S MBI HRRE S
Table 3 Docking energy of compounds with good
comprehensive performance against SARS-CoV-2 Mpro,
PLpro and RBD

SoF Rz (kI mol )

tEY)
Mpro PLpro RBD
HBIN006454 -32.217 —43.514 —35.564
HBIN032286 ~35.564 —40.166 —35.146
HBIN031053 ~39.330 ~35.982 ~34.309
HXF e BRI B T SCikfiiE L 1 SARS-CoV-2
NI

3.3 Z7414F0 ADME-T #i%%

KFH Lipinski 282514 FAEU . (molecular weight<<
500, H-bond acceptors<10, H-bond donors<5,
MlogP<<4.15) V¥ 73 T RHELR & R IR LF I 3 Mk
VMR R, ik 4 Fron, HBIN006454 .
HBIN032286 11 HBIN031053 %74 Lipinski 11 .
B, 2 iFE 7 HBIN006454. HBIN032286
F1 HBINO31053 248 2%kt . i3k 5 fivw, &
) HBINO31053 H. A (K1) iLOGP {& g =i 1)
ESOL log S i, FRMHAENKN T ZHR . 1t
G, ZE R A D 4R P450
(cytochrome P450, CYP450) il fIdE, FIPH
AP E. Fik, %% HBIN031053 fE it
TR G Rt — I 5t

x4 FIHER ISR EAMEIT

Table 4 Drug-likeness assessment of selected compounds

e *EXLT%? %i%@ 28 feKa Lipinski
g ko REH H
HBIN006454 424.49 6 4 2.01 0
HBIN032286 436.45 7 3 1.88 0
HBIN031053 494.49 9 5 0.58 0

3.4 HBIN031053 5 Mpro. PLpro #1 RBD &5 F
MIEE SR O

W 3-A FioR, TERRARER I Mpro BL& L —
JCLHZHE R Chistidine, His )41 Al Bt & FR (cysteine,
Cys) 145 7E NS A 4L, HBIN031053 5754
% (threonine, Thr) 26 Ef N JR 72 EER T4
. BbAh, S Thr2s5. &R (leucine,
Leu) 27, His41, HZ & (glycine, Gly) 143, Cys145,
EZ R (methionine, Met) 165. Leul67. &%z
(arginine, Arg) 188. A& Mth% (glutamine, GIn)
189 K GIn192 45 2 MR FEFR TR Bk 2 IRl AFAE B /KA L

YERD, IXATAEZH SR Mpro 454 gAY 32 BRI
7£ 5 PLpro [, HBIN031053 434115 GIn269
AT Thr301 P40 (&1 3-B). Hir, GIn269 & T
PLpro AN s BT ()3 2R 2 (blocking loop 2,
BL2), n]Z5 PLpro JEW RN 45 il I gk N\ v 14
fr e, Ak, 24 HBIN031053 5 GIn269 A
5, AlE RS PLpro 5 H R4S A RN 1%
EAREEYE. A, HBIN031053 545417 skt
WL RAZE B (asparatic acid, Asp) 164. % EZ
(proline, Pro) 247. Pro248. &% (tyrosine, Tyr)
264, Gly266. K4 (asparagine, Asn) 267 Fll
Tyr268 ;= EEiKER . AR THTHH 5 PLpro K45
HoRMJ). #£5 RBD 45, HBIN031053 737l
5 GIn409. Gly496 F1 GInd98 P~ A5, HIELES
B AL 5 R FERR R FE Argd03. &R (glutamic
acid, Glu) 406. #& 8 (lysine, Lys) 417. Tyr449.
Tyrd53. Leud55. &% (serine, Ser) 494. Tyr495
A1 Tyr505 P4 B KER (B 3-C). Hrf, Lys417.
Tyrd49. Leud55. GIn498 A1 Tyr505 57 RBD 5
ACE2 M BE#H 4 A REEZAFEMHE, 1M
HBIN031053 jEid 5% RBD 5 ACE2 ()45 & [X 4,
N5 RBD 5 Ak ACE2 figh & (4.
3.5 HBIN031053 5 Mpro. PLpro #1 RBD B4 F
BN 1 AEHL

N7 VYT HBINO31053 5 SARS-CoV-2 Mpro.
PLpro A1 RBD ¥ migi &Mt EM, MEEW
HBIN031053-Mpro .  HBIN031053-PLpro  ##
HBIN031053-RBD 4 & il = 1 85 H 70l 147 73 1 3))
JIEREAY, JFE 77 2 (root mean square
deviation, RMSD). #477Hi3)) (root mean square
fluctuation, RMSF). [H%%3:4% (radius of gyration,
Rg) DL &EdE (H-bond) Zi&iRHIMERIL FERAR
SERIRIREETE . RMSD 734 Rani&l 5 Fs. £ 100
ns T3 2EEE R R, 3 M-SR & Mpro.
PLpro 1 RBD [#) RMSD {4t T 0.16~0.20 nm, H.
TeMH B A . HA, HBIN031053 5 Mpro A1 RBD K]
2 AR RMSD fE7E 50~100 ns £ ETHé, (H)
HIE 0.23 nm #10.20 nm AbjaTHasE, FF4ERRE—A
BARK K (<025 nm) (K 5A. C). £
HBIN031053-PLpro E & IHAHLIFEH, f5 50 ns 5
A 50 ns Y] RMSD ¥{E{AHZE 0.000 3 nm, FKHH L5
ARy, HA5 3 TEAIL PLpro ) RMSD
FEALRFF—E (E 5-B).
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Table 5 ADME-T properties prediction of compounds
ADME-T Z%{ HBIN006454 HBIN032286 HBIN031053
iLOGP 3.62 3.54 2.66
ESOL Log S -6.01 -5.78 —4.44
Gl absorption High High High
BBB permeant No No No
P-¥i 2 KA No No No
CYPL1A2 5] No No No
CYP2C19 il 5 No Yes No
CYP2C9 il 5] Yes Yes No
CYP2D6 il 5 No No No
CYP3A4 i 7 Yes Yes Yes
AR BE V4 0.55 0.55 0.55
JHF 25 14 No No No
otk No No No
kA Yes Yes Yes
HRAE No Yes No
AR EEPE No No No

High 2R R B Rk, No Fon AR mibeie. 4k PR AR, RN (3R PASO BEMHIRBE A 1, Yes Fonftifid

MU BERE . 2 P-BEER R RN (3 PABO e I A 21

High indicates favorable gastrointestinal absorption (GI absorption), No indicates that it cannot penetrate the blood-brain barrier (BBB permeant),

non-P-glycoprotein substrate (Pgp substrate) or non-cytochrome P450 (CYP450) enzyme inhibitor, Yes indicates that it can penetrate the blood-brain

barrier, is a P-glycoprotein substrate, a CYP450 enzyme inhibitor or non-toxicity.

RMSF ({143 #r 4 R anfE 6 fion, 3 MREAWE
A RMSF BE T 0.11 nm, $E4A I hiEE 5
/No Hidr, HBIN031053-Mpro & &1, Sk g sk It
7~21. 26~40. 98~123. 143~152, 156~167 %
) RMSF fH# & (<01 nm) (K 6-A). 7F
HBIN031053-RBD & # 1, LRk IE 347~361.
374~381. 391~443, 448~474. 488~495 EXH
RMSF {E#K (<0.1nm) (& 6-C). Lik&E R 5y
T e B b e A SR KR R ) S B X AR )
Ho WAL, SHMEHEATHAE Mpro AL, E6&Y
H ) Mpro 7E & FERRFRSE 47, 50 AT 190 4bf) RMSF
R BEEAE, T AE A X 2 FE AR — B AR
TER M SE, HBIN031053-PLpro & R 7E & FERR k3L
202~219. 233~253. 295~307 4t sh# /N (<0.1
nm), T 7EA77E S5 AN B /K A LA F ) 266~270 [X
A B (>0.12nm) ( 6-B), XAfERH
TR FEIR %5 266~270 J& T PLpro L1 6 Z 12
(266~271) HSMIFNEI BL2, L m IR G HAE
35 HBIN031053 AH HAFE F B A= 2514 138 1k

&, 3 MNMEA-RAEE AN Ry HRI TR
BoR, HMERN Ry HEARFRESH (B, &

B 2 1 -FC AR 5 G W 45 i FE AU 7R rR R 28 IR R AR
R, HA, £ HBIN031053-Mpro 4 & Al
HBIN031053-PLpro A &+, AWM K Ry H
5RO TR B A1) Ry (A . FRlHL,
tF4E 4% HBIN031053-PLpro, 5 HBIN031053
FE B AW PLpro 1) Rg $18 (2.35 nm) kT
ML PLpro ) Rg $ME (2.36 nm), %5
HBIN031053 ({45 &8 PLpro 45 %%, 7
HBIN031053-RBD & #H, E&44# RBD ] Rg
PME = T S AT 08 RBD ) Ry H, HA kb
FHAKAKF (1.86 nm).

8 Wy~ [ AE 100 ns 7313l 77 AL 12
H HBIN031053 4 7] 5§ 4x 85 1 Mpro. PLpro #fl
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4 HBINO031053 51 RBD 5 ACE2 HI% & Xt EE
Fig. 4 Schematic illustration of HBIN031053 occupying
binding region of RBD and ACE2
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Fig. 8 H-bond analysis of MD simulation
% 6 SARS-CoV-2 Mpro. PLpro. RBD 5 HBIN031053 &4 R A6 2 5k
Table 6 Energy contribution of SARS-CoV-2 Mpro, PLpro, RBD in binding with HBIN031053, respectively

e PRyl L R WAL T AE R RIEEFAERY “hrhel
(kJ mol™) (kJ mol™?) (kJ mol ™) (kJ mol™?) (kJ mol ™)
HBIN031053-Mpro —71.756 —64.057 101.337 -9.372 —43.848
HBINO031053-PLpro —120.708 —114.600 169.452 —14.016 —79.831
HBIN031053-RBD —82.006 —75.187 115.939 —11.004 —52.258

Iy MTEE AT, £ HBINO031053-Mpro 244+,

Arg4(-1.088 kJ/mol). Glu47 (-2.259 ki/mol) . Leu50
(—1.423 kJ/mol). Met165 (—1.255 kJ/mol). GIn189
(=0.920 kJ/mol). Thr190 (-0.753 kJ/mol). P&z

(alanine, Ala) 191 (-1.004 kJ/mol) Z&hEILIAEE
ERAG, AT RAFIE A RS (B 9-A). H,
Glud7. Leu50 #1 Thr190 54>1&h12¢iidlidt i rh
RMSF = 4 5% 5 I AR 1 X 386 B £E HBINO31053-
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Fig. 9 Energy contribution of amino acid residues in binding of SARS-CoV-2 Mpro, PLpro, RBD to HBIN031053, respectively
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Bz (B 6-B), X REE B TG ). IEAh,
GIn269 1£ 5 T W45 G5 3 5 HBIN031053 JE A
B, 5 AR E E AT i A R e Tk
(-4.393 kJ/mol) FLFiC. 7F HBIN031053-RBD & &k
T2, Argd03 ¥ Ttk RE E{E A 5.941 ki/mol, {2 Glu406
(-1.674 kJ/mol)>. Tyrd49 (-3.682 kJ/mol). Leud55
(-1.130 kJ/mob). Gly496 (-1.715 kd/mol) #1 Tyr505
(-1.172 kd/mol) ZEHKIW 1 1 i AR s mm IR gk 1
HBIN031053 5 RBD fifaw st (| 9-Ch. HH,
Gly496 7t 71 X 25 & 5 5 HBIN031053 JE %,
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Fig. 10 Inhibition curve of Morindae Officilis Radix extract
against SARS-CoV-2 Mpro
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