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Abstract: Objective To identify potential SARS-CoV-2 3CL protease inhibitors from the traditional Chinese medicine systems
pharmacology database and analysis platform (TCMSP) by molecular docking approach. Methods To alternate extensive compounds
experimental screening processes, a Computer-Aided Drug Design (CADD) based molecular docking technology was performed to

explore existing drug repurposing possibilities. Molecular docking model with Schrodinger suit 2018 was used to evaluate the binding
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abilities between TCMSP 13 143 compounds and SARS-CoV-2 3CL protease receptor-binding domain (PBD ID 6LU7), which
involving in mediating viral replication and transcription functions. According to the constructed docking system, potential compounds
were screened according to docking score, oral bioavailability (OB), and drug-likeness (DL). At last, a compounds-herb-target
organ-function network was constructed. Results Compared with 6LU7 original ligand docking score (—7.734), a total of 498
compounds were identified with lower docking score against 6L U7 targets. These compounds were further reduced to 60 high-priority
compounds, based on OB (more than 30) and DL (more than 0.18). Meanwhile, these 60 compounds were found to interact with the
amino acid residues (GLU166, GLY 143, ASP187, CYS145, GLN189, LEU141, etc.) which were critically involved in the 6LU7
domain mainly by hydrogen-bonded interaction. The network exploring results revealed that these potential compounds were mainly
attributed to Glycyrrhizae Radix et Rhizoma, Mori Cortex, Rhododendron dauricum, Polygoni Cuspidati Rhizoma et Radix, and
Plantaginis Herba, etc., which associates with acute lung syndromes induced by SARS-CoV-2, with the effect of clearing heat and

removing toxin, relieving cough and dispelling phlegm and lung-draining and relieving asthma. Conclusion Molecular docking

method provides a useful tool for the screening of SARS-CoV-2 3CL protease inhibitors from TCMSP platform.
Key words: SARS-CoV-2; COVID-19; 3CL protease; TCMSP platform; molecular docking
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Table 1 Sixty screened compounds from TCMSP platform as potential inhibitors for SARS-CoV-2 3CL protease

% MOLD s g R Dedking oy et
FHRE  score
1 MOLO00S860 3-0-& TR %74 % B3 Y 73067 -10524 3006 033 GLU166. HID164,
(3-0-galloylprocyanidin B-3) HID163. THR26
2 MOL012598  II&M)-3-0-0-L-2"4"-—FHBERR)-R  BR 78477 <9464 303 031 MM GLU166,CYS145,
R [kaempferol-3-0-g-L-(2" 4-di-E- LEU144
feruloyl)-thamnoside]
3 MOL012796 il & -3-0-6-% & FBF)-p-D-H A M #F  AMRHE 60052 9203 300 066 FAK GLU166. ASP187,
[kaempferol-3-O-(6-galloyl)-p-D-glucoside] SER144, ASN142
4 MOL00I519  RFHAFFIT (isogomphrenin IT) pIEEH 69667 9243 1049 041 THA GLU166, GLY143,
SER46
5 MOL012795  WiZR-3-0-206- R R FRVp-D- WY  AWRE 75203 9028 301 037 FRAK GLU166. HID163,
[kaempferol-3-0-(2',6'-digalloyl)-B-D- PHE140. THR26
glucoside]
6 MOL009093 1.23,6-Wit & VB A2 i 78862 8814 301 033 HikE HID164. PRO168.
(1,2,3,6-tetragalloylglucose ) THR26. CYS145,
ASN142
7 MOLOO7810 % FIE# D ([QR3RASSRORI6-2-(34 HKZFEH 64065 8767 339 057 FRiE GLU166.ASN142,
dihydroxyphenyl)ethoxy]-3,5-dihydroxy-4-[(2S, THR190. HID164
3R AS,55,6R)-3,4,5-trihydroxy-6-(hydroxyl-
methyl)oxan-2-ylJoxyoxan-2-yljmethyl(E)-3-
(3 d-dihydroxyphenyl)prop-2-enoate )
8  MOL007931 SRZH3-0-HFT (iso-thamnetin3-0-  HWBFF 62460 8716 509 065 &HHE THR190. CYS145,
robinobioside) SER144. GLY143.
THR45
9 MOL002762 il Z Bt -3-0-D- % & H (kaempferol- HFEH 61057 8695 551 065 4fe GLU166. ASP187,
3-0-beta-D-rutinoside) LEU141
10 MOL007060 %#f; B (lithospermic acid B) ik 71866 8682 301 041 fiB. WS KE GLUL66.CYSI4S,
ASN142, THR26.
THR25
11 MOLOI0961 BIfEEH (kaempferol 3-O-thamnoside) AWEE 43240 8381 531 070 BB, AN GLU166. ASP187,
THR190
12 MOLOI2783 MM E3-0-6- % & FROP-D-HER  HEET 76863 8485 301 034 FAK GLU166. THR26
[quercetin-3-0-(2',6"digalloyl)--D-glucoside]
13 MOLO00890S i &-3- 8kt (B-vicianosyl-3- WBT 59654 8481 722 071 EAEAT HID41, GLU166.
quercetin) THR190, THR26.
GLY143
14 MOLO00367 % i I (viscumneoside III) HWES 59659 8463 1088 073 HEE GLU166. ARG18S.
GLY143. CYS145
15 MOLOO6114 AR 3-Ool-REF(-)-BD-EAHH  AMES 4644 8458 2711 074 HID163. GLU166+
[kaempferol-3-0-0-L-thamnosyl(1—2)-p-D- ARG188. SER144,
glucoside] CYS145
16 MOLOI0261 /KAlF Cisorhamnetin-3-O-B-rutinoside) HEE 6460 8458 509 065 Wil GLU166, THR26.
TYR54, ASN142,
LEU141
17 MOL000738 3 C (kuwanon C) W 4051 -841 122 058  FAK. RM, &8, ASPIST. LEUI4I
TETE
18 MOL006683 T B (forsythoside B) KOBH 75678 8360 330 042 BELE GLU166+ GLY 143,

PRO168
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FHE  score

19 MOL000IS9 FEMEH ((QRIRASSROR)-6-2-(34  HKLEH 62465  -8340 305 060 FHIT GLU166-THR190.
dihydroxyphenyl) ethoxy]-3,5-dihydroxy- PHE140
4-[(2R 35,48,55,6R)-3 4,5-trihydroxy-6-
methyl-tetrahydropyran-2-ylJoxy-
tetrahydropyran-2-yljmethyl(E)-3-

(3,4-dihydroxyphenyl)prop-2-enoate )

20 MOL004328  #il% (naringenin) Z4HAM M7 830 5929 021 fERAL. %tE. R4 GLUI66.LBUI4I,
FiF#. BHEMR. FR ASPIST. CYSI45
21 MOLO1I869 HIJF% A (schizotenuin A) B 71664 8292 301 039 GLU166-THR190.
LEU167. PRO168
22 MOL0I2432  HES% (farrerol) -y 30033 8280 4265 026 L4 GLU166- SER144,
CYS145, ASP187
23 MOLOI2444  EFHEREZ (poriol) Z4HAM 28630 8269 3845 024 il GLU166,LEU141,

ASP187
24 MOL007381  #LFF&H H (mudanpioside H) B 618.64 8215 677 061 MK GLU166. ASP187,
SER144. THR190,

PHE140

25 MOL004022 W3 336-=-0- % fr FREH-B-D-MIEHNE MR 65054 8200 301 053 REH GLU166. GLY 143,
(methyl 3,3,6-tri-0-galloyl-p-D- THR25
glucopyranoside)

26 MOLO09773  7-BAE-2-(4-BAE)3S-ZHEARG RN 31431 -8200 276 029 EHT GLU166+ ASP187,
[7-hydroxy-2-(4-hydroxyphenyl)-3,5-dimeth- CYS145. LEU141
oxy-chromone]

27 MOL009092 Rl BB (pentagalloylglicose) B 94072 8182 301 021 AL KA. WF. B GLUL66. THR26

B B RTF CYSI4S.THRIY,

SER46
28 MOL007979 B (avicularin) AR 3438 8173 206 070 &, WL, =A%, GLU166. HID163,
WHT. &A% THR26. LEUI4]

29 MOL002236  35-Z-O-BAFlME4-0-“RATHERT MR 800.63 8134 301 031 K GLU166. GLY 143,
i (3,5-di-0-galloyl-4-O-digalloylquinic acid) THR26

30 MOLO06IS — LIZR-3-0-0-L- RABH(1-0-p-D-HE  HBE 28428 8103 6287 024 TEHK GLU166. SER144,
FEH (kaempferol-3-O-o-L-thamnosyl(1— ASP187
2)-p-D-glucoside)

31 MOL001792  H#ZX (DFV) CAER 25627 8100 3276 0.8 {RUERR. HE. HiE  GLUL66. ASPI18T,

CYS145, LEU14]
32 MOL007987  i#% =4kt (loroglossin) CHEEW 280 8081 349 035 L% GLU166. GLY143,
SER46

33 MOLO04938  EHHEH (schaftoside) #i 59654 8074 788 075 HE HID41. GLU166-
LEU141

34 MOL006504 (-)- LR ATEE: [(-)-catechingallate] B 440 8065 5357 075 P &%FE. ETE  GLUI66.ASNI42,
THR26. ASP187

35 MOL008430 57-~RHE-U-BAE)-FE-GEE % 28428 8057 4505 024 L% GLU166- SER144,
[5,7-dihydroxy-2-{4-hydroxyphenyl)-3-methyl- ASP187
chromone]

3 MOLO000008 /7% (apigenin) #i 27025 8051 2306 021 WREE. RER. F@  HIDIE. ASPIST.

M CERE. MRS L SER144
iy
37 MOL006614 558 A (kushenol A) ZHEW 40853 8018 103 055 #B GLU166. HID164,

LEU141
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£%  MOLID LA g A Doding o,y LBt (R
FHRE  score
38 MOL012703 % Q (kuwanon Q) HHE 66278 7981 301 057  FAK GLU166. THR26
39 MOL007009  4-0- & T AT (4-O-galloylalbiflorin)  Hi5 63262 <1913 300 061 A HID41, PHE140,
GLU189, THRI%
40 MOL007245  3-FHAELLZM (3-methylkempferol) R 30028 7966 606 026  HIEM, AHHE. BT GLUL66.CYSI4S,
LEUI4]
41 MOL002328 B E M (feralolide) ARE M43 <7936 137 039 BT, pE GLY143. SER144
42 MOL000142 AJEAZEH B (calceolarioside B) FOBHE 4849 -1931 158 070  EEiE, EFT GLU166. HID164,
HID163, THR26
43 MOL00015S  S2EMHFHARF (acteoside isomer) B 62465 7923 305 061 FHIT GLU166. THR190,
PHE140
44 MOLO0I0616 #EEZE (eckol) T N30 <7910 8706 063 B ASN142, THR190
45 MOLO004S67 WARHEHTAEEAE (dipiperitylmagnolol) T 53888 7889 660 086 MuiE GLU166. ARG188.
THR190. SER144.
HID163
46 MOL012714 FEE A (moracinA) B 28630 -7885 64390 023 FEAMK LEU14]
47 MOL013122  ARHHEH C (smiglaside C) AWET %08 7875 421 031 LHE GLU166~ SER144,
CYSI145, ASN142

48 MOL003353  K#HHEM (emodinanthrone) i 25627 7862 472 021 &, K#, B HID4LL GLUI66.
R LEU14]

49 MOL000422 11ZW (kaempferol) HliE 28625 <7857 4188 024 #RME. M. (AR, SER144, GLNISY,
WA EE RE.  ASPIST
fukmt

50 MOLO0S014  HEHF A (licorice glycoside A) fi 7674 1843 595 035 HE GLU166. HID41,

LEUI4]

51 MOL004816 (QR}-1-24-ZFES5Q-HELTH) KX MR 41055 7826 106 048 HE GLU166. HID41,
H]2- B34 B 3-G-F - TH) % GLY143. SER144
3 1- 7 B [(2R)-1-[2,4-dihydroxy-5-(3-
methylbut-2-enyl)phenyl]-2-hydroxy-3-[4-
hydroxy-3-(3-methylbut-2-enyl)phenyl]
propan-1-one]

50 MOLOI2742  AMARFE4O0P-DMWHERES-0- “HZMHH 7074 7822 324 036 FEAK GLU166. THR26.
B-D-MHE 5 5 8 (1 —6)-0-p-D- i A i THR190. PHE140
[oxyresveratrol4-O-B-D-glucopyranosyl-3-O-p-

D-glucopyranosyl-(1—6)-0-p-D-
glucopyranoside]

53 MOL000737 &f&% (morin) HliE 30205 <7814 4623 027 FM F#i. EME.  SERI144. GLNISY,
&% ASPI87

54 MOLO1457  3-REEEFEFT (3-methoxyherbacetin) K 3628 <7785 2350 030 TS GLU166. ASP187,

CYS145. SER144

55 MOL012741 R BEEFEA4-0P-D-MWR G HEY- ZROMEE 70071 7784 397 042 RAK GLU166. SER46.
O-p-D- 5 B H -(1-6)-0-p-D- 1 i § # THR24, HID41
[oxyresveratrol4-O-f-D-glucopyranosyl-3'-O-
p-D-apiofuranosyl-(1—6)-0-f-D-glucopyra
noside]

56 MOLOI330S  3.4'7-= MM (garbanzol) CHERE M2 -1 8367 020 Bt GLU166. GLNI89.

SER144. ASP187

57 MOL002933  5,74-=HH-8-HEKHH R 30028 <7712 3656 027 %, L GLU166. LEU141
(5,7 4"-trihydroxy-8-methoxyflavone)

58 MOL006630 &M 2 (norartocarpetin) #i 28625 <1764 5493 024 EBL AN SER144, ASP187

59 MOL00044S 8-S K AEFHFI (8-prenylwighteone) 327l 40651 <1761 2322 054 HE, ERK HID164, GLY143,

THR24
60  MOLOI2942 ¥ (tannin) B 63651 <1736 301 054 KE GLU166,ASN142,

GLY143. THR24
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OO BT T, ORI A T BE-RE T TO-FRT

The green ball-and-stick models represent original 6LU7 ligand; orange ones represent potential inhibitors; blue atom means nitrogen atom; red atom

means oxygen atom

2 6LU7 5ARIXELEMEEIER

Fig. 2 Crystal structures of potential compounds complexed with receptor
WEWIH 4 fFREEEN GLUL66 A BE, BHAE (LA 4025 F1 LEU141. CYS145. ASPI187
a7 AT 4B FE3E 5y J 1 LEU141. SER144. TR ERE: IR RS 7 AR 4R ER Ry i)
CYS145. ASP187 JEpu&EsE: —A MK ML&Y 7 FLEUL41. ASP187 JERUEE: BN H X5
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N Mg 2 2 32 BERD GLU 166 JE s, iy 7 4z
4 A FEE S B THR26. LEU141. ASP187 JE /K
2. (2) RNRLBEEI: FEM CYS145,
GLY143. SER144. ASNI142 JE/E 8, HH R
TR AV EEM GLU166 A
B, (3) ROWHR: FEETMEVERET 2
55 THRI190 Z5G T8 A B, ik iR 0% B4 f 2 A
GLU166. PHE140 TR . (4) Hili K B BE H
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* 1702

% %% Chinese Traditional and Herbal Drugs 28 514 28 7 2020 £ 4 A

COVID-19 FEYT, %4 2 us s mAn e
Wil H, PIa )R PR SO R 24
ZLFZ)

AL G R 2R K COVID-19 HET
CREFTT U ARTET YaWE. CGREETE) (%
W) (EWANE) R MEE Rl g 7 RE X
FIIR ST ITiERAETT o B R AR RS A4 ED
R CHE SRR #1297 T R GRAITEE
fOY K COVID-19 VAT ERRIEW;,
RN RS2 95 R 2 S, TR RLTENT, B AR HLAF s
“UE. ARG TR R SO R, WEREEERH
Yy ERFRIE WL, REIBFREE N
ST 2.

M F I R 24 2 G R i 1 A R TT 259,
FEATT I TR B T 3, VRN YR R AL 2 — I
Wi, HER TR, mACERSEIEE. &kl
2 B R RS 24 4 Hh AT v e 24 ) 7 3
SRRAE BRI G R T N LA SRS . T “Bt-
R B BT AL B R i o
AR, ATCAPUIE . &Rk E R T R RS . 25
St AR R AR s AR A AR R LSS T
18, RAPRIEFREF AR BEM T A2 —. Fik,
KRFFCRHA T o PR, 456248 mEk
TS5, 6 TCMSP Bl ANy P s
Y AT T ORE AU B AR, B 2B 4R # AT gE T
SARS-CoV-2 3CL /Kfglg = AMEEH .. HEAR
Uf OB & DL HI/N3FAAE Y 60 Ao 1EAHE T ATl
) TCMSP # 4 B rh 24 1 o3 A6 & 10 508 1) 2 Al
., VIRRHEAT T B AT . BRI A B
PG 5 PP B DR AT 9 A

PN R GIBOE ak i S e/ = ) 3T v I = 2 )
TERIThRL, M “Bor-2itt-IA2&-Dh3” Mg, *it
HATITRAL 0T, S5 RN, MR E. LZEm.
HER, FRRSUEMAENHE, ZAKk. &
B WL, BAERRE. ERANE. 1k
WP IR Dh AR, BT LIS & COVID-19 [ “ IR #
B SRR E RN A B, AL
SRR . X g HIEE X AR KT SARS-CoV-2 2454
TR A AE S HE

SE R
[1] Yang HT, Yang M J, Ding Y, et al. The crystal structures
of severe acute respiratory syndrome virus main protease

and its complex with an inhibitor [J]. Proc Natl Acad Sci

US4, 2003, 100(23): 13190-13195.

[2] Wu F, Zhao S, Yu B, er al. Complete genome
characterisation of a novel coronavirus associated with
severe human respiratory disease in Wuhan, China
[J/OL]. BioRxiv, [2020-01-24]. https://doi.org/10.1101/
2020.01.24.919183.

[3] Zhao S, Lin Q Y, Ran J J; et al. Preliminary estimation of
the basic reproduction number of novel coronavirus
(2019-nCoV) in China, from 2019 to 2020: A data-driven
analysis in the early phase of the outbreak [J]. Int J Infect
Dis, 2020, 92(1): 214-217.

[4] Guo Q, Li M, Wang C H, et al. Host and infectivity
prediction of Wuhan 2019 novel coronavirus using deep
learning algorithm [J/OL]. BioRxiv, [2020-01-21].
https://doi.org/10.1101/2020.01.21.914044.

[S] Chen T M, Rui J, Wang Q P, ef al. A mathematical model
for simulating the transmission of Wuhan novel
coronavirus [J]. BioRxiv, [2020-01-19]. https://doi.org/10.
1101/2020.01.19.911669.

[6] LiY, Zhang J Y, Wang N. Therapeutic drugs targeting
2019-nCoV main protease by high-throughput screening
[J/OL]. [2020-01-28].  https://doi.org/10.
1101/2020.01.28.922922.

[7] Letko M, Marzi A, Munster V. Functional assessment of

BioRxiv,

cell entry and receptor usage for lineage B
B-coronaviruses, including 2019-nCoV [J/OL]. Nat
Microbiol, [2020-02-24]. https://doi.org/10.1038/
s41564-020-0688-y.

[8] Tian X L, Li C, Huang A L, et al. Potent binding of 2019

by a SARS
coronavirus-specific human monoclonal antibody [J].
Merg Microb Infect, 2020, 9(1): 382-385.

[9] Liu X, Wang X J. Potential inhibitors for 2019-nCoV
coronavirus M protease from clinically approved
medicines [J/OL]. BioRxiv, [2020-01-29]. https://doi.org/
10.1101/2020.01.29.924100.

[10] Xu Z J, Peng C, Shi Y L, et al. Nelfinavir was predicted

to be a potential inhibitor of 2019-nCov main protease by

novel coronavirus spike protein

an integrative approach combining homology modelling,
molecular docking and binding free energy calculation
[JJOL]. BioRxiv, [2020-01-27]. https://doi.org/10.
1101/2020.01.27.921627.

[11] Paraskevis D, Kostaki E, Magiorkinis G N, er al.
Full-genome evolutionary analysis of the novel corona
virus (2019-nCoV) rejects the hypothesis of emergence as
a result of a recent recombination event [J]. Infect
Genetics Evol, 2020, 79(1): 104212-104215.

[12] Dong N, Yang X M, Ye L W. Genomic and protein



¢ £ % Chinese Traditional and Herbal Drugs

E51% F7H 202064 A « 1703 -

[14]

structure modelling analysis depicts the origin and
infectivity of 2019-nCoV, a new coronavirus which
caused a pneumonia outbreak in Wuhan, China [J/OL].
BioRxiv, [2020-01-20]. https://doi.org/10.1101/
2020.01.20.913368.

Zhou P, Yang X L, Wang X G, et al. A pneumonia
outbreak associated with a new coronavirus of probable
bat origin [J]. Nature, 2020, 579(7798): 270-273.

Wang M L, Cao R 'Y, Zhang L K, et al. Remdesivir and
chloroquine effectively inhibit the recently emerged novel
coronavirus (2019-nCoV) in vitro [J]. Cell Res, 2020,
30(3): 269-271.

RuJ L, Li P, Wang J N, et al. TCMSP: A database of

systems pharmacology for drug discovery from herbal

(18]

[19]

medicines [J]. J Cheminform, 2014, 6(1): 13-18.

42 2. SARS FE MR Wi 7% 3CL H [ B T (130 ) 15540,
F1 EGFR. hCyPJ [MZ¥y45r+iil [D]. bifg: S EF
B 2SI T AT, 2005.

Thomsen R, Christensen M H. MolDock: A New
technique for high-accuracy molecular docking [J]. J Med
Chem, 2006, 49(11): 3315-3321.

PRETT, WYL, W OF, F ETHELGES T R
B BARHAT BURT R WOm # 2 I TS )],
B2}, 2020, 51(3): 557-562.

a5 PBH, TR, BAE, S ST EM ST
XA T I ROR YT BT IR R (2019-nCoV) fifi
KAE A EBBER [7]. P EZ, 2020, 51(4):
836-844.



