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Virtual screening of SARS-CoV-2 3CL protease inhibitors from active ingredients
of traditional Chinese medicines by message passing neural networks
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Abstract: Objective In the absence of specific drugs for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections,
screening of lead compounds from active ingredients of traditional Chinese medicine (TCM) based on potential therapeutic targets can
provide theoretical clues for drug research andm development and TCM formulations. Methods In this study, a message passing
neural networks (MPNN) model was constructed, with the compound descriptor SMILES code as input and the inhibitory activity of
compounds against SARS-CoV-2 3CL protease as output. The model was trained and optimized using open-source data. Results The
optimized model successfully screened out 101 potential inhibitors from 3 863 active ingredients of 186 TCMs with heat-clearing and
detoxifying effects. Among them, compounds such as gentianin, mycin C, methyl 5-hydroxy-4-oxopentanoate, and others exhibited
the higher predicted activity, while TCMs like Huangqin (Scutellariae Radix), Cang’erzi (Xanthii Fructus), Kunbu (Laminariae
Thallus), Yansui (Herba Coriandri Sativi), Zisu [Perilla frutescens (L.) Britt.] had a relatively higher number of potential inhibitors.
Conclusion  Approximately one-fifth of the inhibitors identified by MPNN model screening have been validated by other
experimental or theoretical studies, demonstrating the reliability of the screening results. Additionally, the neural network model
optimized in this study can be fine-tuned for predicting other molecular properties, indicating its extensive application prospects in
drug virtual screening.
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Fig. 1 Structure of message passing neural network
(MPNN) model
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Fig. 2 Molecular structures of oxanthranone, gentianin
(TCMSP MollID: 3152) and gentiosine (TCMSP MollID: 3170)
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Fig. 3 Molecular structures and TCMSP MolID of flavonoids SARS-CoV-2 3CL protease inhibitors screened by MNPP model



FE B 202428 $£55% B 3W  Chinese Traditional and Herbal Drugs 2024 February Vol. 55 No. 3 - 899 -

%1 MPNN RENRZGFE MR 5 T i ik A B EZE SARS-CoV-2 3CL & 1 B3
Table 1 Flavonoids SARS-CoV-2 3CL protease inhibitors screened from TCMSP by MPNN model

TCMSP PubChem  Tijll A E B
MollD  CID  #iifi|= fessat AR TR AR
8 5280443  1.01 FFHER RIg FAHE MR 0.990121
—7.3 kcal-mol ™[9]

525 5281674 091  5,7,8-=§FL T A NA
2008 5281672  0.96 iR o WAL, B TR arrhy R, dIER. 0.9702

LY. BT Y ICs0: 2.86 pmol-L![20]
2712 5281638  0.96  6-FEFE L2 e NA
2714 5281605  0.94 HEEHEK BN, SCIERA, PR WL CPAE, HlEE. 0.9102

KT ZM¥E. HA ICso: 0.39 umol-L 120
2719 188308 0.92  6-FRFEMIE R A NA
2721 5281680  0.94 #itrER BHEE, &ihEL ICso: 1.24 pmol-L~'120]
2737 5281697 096 EFEEEK ARUSIE, A, ST RAM . BEF KI5 ICs0: 5.68 pmol L7120
2823 5280544 096 HIAWE JER 50 pmol-L™" K 411 2

0.591201
2909 44258628  0.98  5,7,2,5-PU¥rFE-8.6- T HEIE WL NA
g

2913 14135323 096 ALK BE NA
2019 44259518 0.94 REEHEEK I e NA
2937 25721350  0.91 < TEKMIER A WA, HE NA
3662 5282073 097 7.4 RFEIEHH INGE N T NA
4004 5281642  0.92 6-FRIEABEEK A gt NA
4020 5280647 096 MRER b JITEan NA
9278 5282154  0.96 3-O-WILiER B AS . R NA
9292 5281701  0.95 =X AT NA
12243 15100720 0.94  562-=#FH78 TSN R NA

NA: oA B .

NA: not available.

B, 7 ADEEAEIEF AT I 2. IR
e 25 i TS AR BRI 20, TEEIE e, 3%
FEIRIT RO B R 25 22—, RAh, AR S
PERT A 3 AN EERAG S PIBRE ok, A i
HERER NS, SRR, TR
i IZ IS, #5A COVID-19 FISEIRE,

222 FEHEI SARS-CoV-2 3CL & A B #17
B RBUEEH 1A 2-H-1-ZE I I-2-Hi 3 A
B, Wi 4 Fios. RIRIPIFIEA BN & 2 R0
HYEE B B/NOSEEMEIER, BEEiEk.
PUMEE . Pr . DU EESEEYE . EH) RNA iR
EIRE T, &S RBMEMEERTZRH, H
MALFE SARS-CoV-2. SCHRIRIE 1) 4+ WHERT L 45

REH, HFERFUEWE SARS-CoV-2 3CL HH
it 1S PP B9 T 41 SARS-CoV-2 254 VT k=5 A1
FIFERH, FERIXUAEWEES 3CL & AMHEL
TG ) Hisd1 A1 Cys145 454, M 40056 B i s
PER, ARBFFUTIN 8 AN SR R, Bk
TS, FJrk. B, RBRERZy, BARESE
EARGEERNEYZ, (HEE G RZ AT
M R 2) EETHEENEY . Hh
) 2 FMAE e K& RS2t 2
(TCMSP MolID: 4456), ZitanlEl 4 fox, H5
SARS-CoV-2 3CL & H M ) 45 & f8 N 7.1
kcal/mol?4, K B T Hb 8 555 p 25 1) < 2 A6 N B
(skimmetin, TCMSP MolID: 2558) ZJlZ&GEFH
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L e &Y, TRAIHER A 0.98, IZEH K
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filH WETILRRE - MEmILERELEY,
HO._
HO # HO:I:;:JWO 7
OH
3881 4456
OH ~o
HO 0._0 Ho:I:i:[fij7o <9:1:::I:ftj70
~ = F o Z
o ?
4667 5723 6325
HO 00 HO 0_0 _O 0.0
U T T
OH
12682 2558 4617

4 MPNN RE % H A& = 5K SARS-CoV-2 3CL &
BBgHI &7 9 F 454950 TCMSP MolID
Fig. 4 Molecular structures and TCMSP MolID of
coumarins SARS-CoV-2 3CL protease inhibitors screened
by MPNN model
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MolID: 6821) X} SARS-CoV-2 3CL %K [ ()30l
EHEmETABREZR, WER. LRSI
B0, JhAh, RANSZIGHT R BN T ILRR-3-
B THERE (TCMSP MolID: 5830) MG &
THEMREAEREETILRR3- BT TR
(TCMSP MolID: 6821) 27, A#FFILGHIEE 7 4
BETILERBZNEY, TSR LR 3.
{HRFEA &R (TCMSP MolID: 7217) HI45#:) ™%
gt 5 HAD 6 MEEIARE (B S, BIEIEARIEIE
WRHZIRIA B2 T 1 MRk (B2, 2T X
FFEH, rfHES SARS-CoV-2 3CL AR
SRICISEA T, FF H AT DL SO i i 45 R 1 55 L
g RS,

224 FEPFERRERZS SARS-CoV-2 3CL & AR
W G R 2R R T, BRI PR R R

3% 2 MPNN BREARZE R 5 P iF % A9 E 2 R % SARS-Cov-2 3CL EEESHNHIH
Table 2 Coumarins SARS-CoV-2 3CL protease inhibitors screened from TCMSP by MPNN model

TCMSP MolID  PubChem CID T4 2 15 A FR HH i RIR
2558 5281426 0.98 DTEAE N B HER L, BRBEARAR . AIE. TRFEMR. Wil
AR &b REKE. BRE, B3
3881 99477 1.00 6-FRRF TR HEFE R St
4456 5281417 1.01 RUERS ITRAME B v
4617 10748 0.90 T-RERETER SEH
4667 5273569 0.98 TR-ZFM-o-HAET TR TEMHR. . BIR. B
5723 5318565 0.98 SRR B SR, HE
6325 3083597 0.98 ey i Hh R B
12682 5324654 0.96 57-ZREFEER e

&3 MPNN REARZEE RS P iHiE AR R FILIFE S SARS-CoV-2 3CL EHEGDHIF
Table 3 Gallocatechins SARS-CoV-2 3CL protease inhibitors screened from TCMSP by MPNN model

TCMSP MolID  PubChem CID Tl #fi ) 2

2R 2k

2249 65084 0.99 BEFILEE KHEHF. WA
5830 5276890 0.96 BETILFREE TR SIS
5866 9882981 0.99 (28.3R)-2-(3,4,5- =52 B R B R I F AL g -3,5,7- = % Sped

6821 65064 0.95 KRBT ILRE-3-BE TR HE. RETF
6791 72277 1.00 REBTILEER RHET

7217 44563331 0.99 FREYR i

10958 199472 0.95 BET LA & TR B A%
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WWEMEEE 2, FERUNHEERES, a0 K mneEER
WA EAE NS, SRR 19 MR A (R
4, MEHIFIFE 2 MEE B IENIZRES .

Hrp—ANEEIF R (TCMSP MolID: 3333, Hifi|&
4 0.98, FIHIRFIME A 0.99), F—AEikik &R
(TCMSP MolID: 11865, #liil|% >4 0.97, 2T
DIME 9 0.98) o EZSH |77 h Mk 2 7 R S 4 2 i
Z, HSTEMILE 6. ZTRAYTEHTEE 44
FRIETT LA SRS G . AN, RARA kR ZE
FRAH Hls. g, [RIAT LAAS B O 2 45 M AR B,
B T RN, UMHERE 2 7 R S
A1 g5 SARS-CoV-2 3CL B4 & H Al E
HBEMHUT, —7~—6 kecal/mol, FH: 5-O-mMEfEZS T+
R 3,4- S -DNHERE ZE TR AT 4,5-— S-IhnmE R 22
%5 3CL & I FEI A ) 5ok, mT LA/E Pt SARS-
CoV-2 [ FAEDN, ) — T4 1 X B A 5t 45
7N, WNHERR A B % SARS-CoV-2 3CL & [ i th A 41
HIVER, K& 3CL & ARG ISR R e 22 7
FRAL B P — L0, B2 RE AR R A W% T 8
AR 0 3CL R ARRLE A 4h, B
e, e basEs ez s SARS-CoV-2

#F* 4 MPNN RE AP EZEMERN S L L A3 £ AR B2 SARS-CoV-2 3CL &R EGHH 7
Table 4 Hydroxylcinnamates SARS-CoV-2 3CL protease inhibitors screened from TCMSP by MPNN

TCMSP PubChem  Tiill

MollD CID  #i% fesari R
222 7067335 094 HFRRE R HE
223 689043 0.94  UnnfERR T
1878 6474309 091  4,5- S MNMEEELE TR THF., T
1955 1794427 093  UiuEBLE TR FHH IT R 3T REE, S
2902 5317238 0.97  WNHERR 2 JTRME. B, Fb, ZRE
3048 71720841  0.90 LR AL AR
3333 5281800  0.99 KX %5
4087 6474640 090  1,5-"AR-WNHEEEZS TR TR Fie
6191 5316819 094 [(2)-2-(34-“RIKIL L MEI3-(34- BRI N -2- 5T N R
6218 689075 0.95  Wim{ERR FF R MR T K
4087 6474640 090  1,5-E-WnnEEEZE TR ST RME. HTE
6370 5280633 095 WGER FKHM
6378 12310830 095 4RK KA
6501 5281780 090 R4JHE B GHF
6682 5273566 094 ETHETTA WA
7132 9841799 097  (2R)-3-(3.4- R HEIRI)-2-[(2)-3-(3,4- B EFE)FIHBEEE IR
R
7305 10324242 092 (1S,3S4R58)-34-M[[(E)-3-G4- —REFREL) B AR BET
1,5-ZH IR Ci-1- R
7326 5281769 091  PEAFHk(e) THF, F3E1. ik
11865 5281792 098 REFE VAT T ORREE. N
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Fig. 6 Molecular structures and TCMSP MolID of
caffeylquinic acids SARS-CoV-2 3CL protease inhibitors
screened by MPNN model
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Table 5 Other phenolics SARS-CoV-2 3CL protease inhibitors screened from TCMSP by MPNN model

TCMSP  PubChem  THiill I 2 e
MolID CID il
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141 82755 0.90  FRHLTH AL B
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Fig. 7 Molecular structures and TCMSP MolID of some other polyphenols SARS-CoV-2 3CL protease inhibitors screened
by MPNN model
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Table 6 Non-phenols SARS-CoV-2 3CL protease inhibitors screened from TCMSP by MPNN model

TCMSP MolID PubChem CID TR 3G 1 LEZA N RS E
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