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Drug discovery for COVID-19 treatment based on drug targets

LIU Ai-lin®, DU Guan-hua”

(Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: Coronavirus disease 2019 (COVID-19), caused by the novel coronavirus (SARS-CoV-2) is treated
in accordance with symptoms, which is feasible and effective. However, current therapeutic drugs are ineffective
against this virus. The development of targeted therapeutic drugs that are based on key proteins in SARS-CoV-2
replication and pathogenesis will provide a more effective means for clinical treatment. In addition, because SARS-
CoV-2 is an RNA virus, which typically mutate readily, new drug development against COVID-19 will be a long-
term and arduous task. New approaches to drug discovery for COVID-19 treatment using molecular simulation
and machine learning algorithms, and based on the key proteins in the process of SARS-CoV-2 adsorption, entry
into the host cell and viral replication are discussed herein, and we briefly introduce related work in our laboratory
that can provide strategies to promote the discovery of drugs with different mechanisms of action.
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Table 1 The process of virus infection and its related targets. ACE: Angiotensin converting enzyme 2; TMPRSS2: Transmembrane protease

serines; COVID: Coronavirus disease; NSP: Non-structural protein; PLpro: Papain-like protease; 3CLpro: 3-Chymotrypsin-like protease

Process of

L . Potential target
virus infection

Potential effect of drug

Virus adsorption ACE2,
S-ACE2
Membrane fusion ~ TMPRSS2

Non-structural
protein

NSP1, NSP3, NSP4, NSP5, NSP6, NSP7, NSP8,

RdRp), NSP13 (RNA helicase), NSP15, NSP16
PLpro, 3CLpro, Furin
IL-6, IL-183, TNF-a

Virus replication
Pathogenic factors

NSP10, NSP12 (RNA dependent RNA polymerase,

Interference the recognition for ACE2 receptor and suppress virus
invasion, therefore they can be used for COVID prevention

Inhibit the fusion between membrane protein of virus and cell
membrane, protect cells against SARS-CoV-2 induced COVID-19
Inhibit the activity of non-structural functional proteins and
interference the procedure of virus replication. Used for COVID-19
to inhibit virus replication

Inhibit the activity of different enzymes in virus replication process
Anti-inflammation, immunity regulation
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Table 2 Potential natural ACE2 inhibitors for preventing SARS-CoV-2 infection

English name CAS

Source

Hesperidin 520-26-3

Galium aparine, Citrus medica var. sarcodactylis, Citrus chachiensis, Poncirus trifoliata, Capsella

bursa-pastoris, Citrus tankan, Schizonepeta tenuifolia [Syn. Nepeta tenuifolia], Citrus reticulata,
Citrus medica, Citrus limonia, Microtoena prainiana, Citrus limon, Mentha longifolia, Galium mollugo,
Citrus unshiu, Citrus aurantium

Isosakuranetin-7-rutinoside Citrus sinensis

Galium aparine, Sophora viciifolia, Toddalia asiatica [Syn. Toddalia aculeata; Paullinia asiatica],

Citrus medica var. sarcodactylis, Scabiosa caucasica, Capsellabursa-pastoris, Scrophularianodosa,
Rosmarinus officinalis, Citrus limon, Urtica cannabina, Zanthoxylum nitidum, Zanthoxylum avicennae

Poncirus trifoliata, Citrus limon, Citrus unshiu, Citrus aurantium

Chrysanthemum boreale, Robinia pseudoacacia, Trapa bispinosa, Agastache rugosus, Buddleja

Narirutin 14259-46-2  Citrus sinensis, Citrus sp.
Diosmin 520-27-4
Neohesperidin 13241-33-3
Chrysoeriol 7-O-rutinoside Saussurea medusa
Acaciin 480-36-4
officinalis, Chrysanthemum indicum
Ombuoside 20188-85-6

Uralsaponin A
Licoricesaponin H2
Glycyrrhizic acid 1405-86-3
Licoricesaponin G2
Glyeurysaponin
Araboglycyrrhizin
Uralsaponin B
Licoricesaponin J2
Baicalin

137476-70-1 Glycyrrhiza kansuensis
121687-83-0 Glycyrrhiza inflata

134250-13-8 Glycyrrhiza uralensis
21967-41-9

Phytolacca dioica, Gynostemma pentaphyllum, Flyriella parryi

103000-77-7 Glycyrrhiza uralensis, Glycyrrhiza kansuensis

135815-61-1 Glycyrrhiza uralensis, Glycyrrhiza inflata

Glycyrrhiza aspera, Glycyrrhiza uralensis, Glycyrrhiza glabra, Glycyrrhiza kansuensis, Abrus
precatorius, Glycyrrhiza inflata

118441-84-2 Glycyrrhiza uralensis, Glycyrrhiza inflata

105038-43-5 Glycyrrhiza uralensis, Glycyrrhiza glabra, Glycyrrhiza kansuensis, Glycyrrhiza inflata

Scutellaria scordifolia, Scutellaria hypericifolia, Plantago major, Salvia miltiorrhiza, Scutellaria

amoena, Scutellaria rehderiana, Scutellaria baical ensis, Oroxylum indicum, Scutellaria viscidula

Baicalein-7-O-beta-D-
glucopyranoside

Chrysin 7-O-beta-galactopy-
ranuronoside
Baicalein-6-glucuronide
5,6,4'-Trihydroxyflavone-7-
O-beta-D-galactonic acid
Breviscapine

Scutellarin

57396-78-8

35990-03-5  Oroxylum indicum

Erigeron breviscapus

116122-36-2 Erigeron breviscapus
27740-01-8

Scutellaria baicalensis, Oroxylum indicum

Centaurea pseudoscabiosa ssp. pseudoscabiosa

Scutellaria barbata [Syn. Scutellaria rivularis], Clerodendron fragrans, Plantago major, Erigeron

breviscapus, Sorbaria arborea, Scutellaria altissima, Scutellaria baicalensis, Perilla frutescens var.
acuta [Syn. Perilla frutescens var. purpurascens], Oroxylum indicum, Sorbaria sorbifolia

Oroxylin A 7-O-glucuronide  36948-76-2
Baicalein 491-67-8

Scutellaria baicalensis

Scutellaria scordifolia, Scutellaria hypericifolia, Plantago major, Scutellaria amoena, Scutellaria

rehderiana, Scutellaria baicalensis, Scutellaria likiangensis, Oroxylum indicum, Scutellaria viscidula

ACE2 EE F R &Y sk a5 4, A 7 7 B AT 7 i
AR IR, TR R S 5 2 RS A X
5 ACE2 Z [a] (AR B A1 LA F M 2L IR PR 2, PR {5
BRE3. WRFFLIE M, SEH S5 ACE2 & H Z[H
IR B T 2 2 R 5 2 0 B S 7~ 2 [R] F) AR S AH AR
H, DR A8 A 8 7 2 R AR A EAE .
RGeS 5 ACE2(E) i 15 5C i 20k R A FLAE
F, it ar LA 2BE R S B2 5 ACE2 A ELAE A, AT
BELLE 95 25 (1A R AR G o

T FHR KDL S-ACE2 45 & I i, wI
¥ S-ACE2 [ 45 45 B A BN PRIk, I8 70 1 X %t
SRS 2 J5 70, KL ACE2 2R M 1 s AL &4,
FE UL LA B ik & /¢ 15 5 ACE2(E) L i sk

RS EF AR AR, M AR R R 2, ]
S-ACE2 254 1138 71l KX, A ) T FH IR & R .
4 #ETMPRSS2 EHESHZAM AT

HCETRIE 9T % I, SARS-CoV-2 7k 2813 N 41 s AN AR
#i T ACE2 24k, ik 75 EL4H il 22 2 IR & A i TMPRSS2,
I % B PR A F 9 TMPRSS2 25 (A i 0 1 77 7] LA BH I
SARS-CoV-2 Ji 2 N\ 41 M, A 37 24 76 IR 978 2 9 (194
I SR AT R A

S0 45 AR, 2 SR B TMPRSS2 #1741 FH
TR+ 5L 5] 4th (camostat mesylate), fE%#4> FELET SARS-
CoV-2 [ S 2& 1 3R 5h ) % Caco-2 Al Vero-TMPRSS2 4H il
[, Camostat mesylate 1 DA & 2% %1k SARS-CoV-2
XoF N i 90 ) 4



R SEMREE: BT HE SRR R AR #595 COVID-19 254 K B - 1077 -

Table 3

Interface non-bond interactions between amino acid resi-

dues from S protein and ACE2 protein. Smeans side-chain atom

Interaction between

Interaction between

ACE2 (E) and S (A) atoms
E:LYS417:NZ--A:ASP30:0D2 E:NH2%---A:0°
A:LYS31:NZ--E:GLU484:0E1 A:NH2:---E:O®
E:ARG403:NH1--A:GLU37:0E2 E:NH---A:0°
A:TYR41:0H--E:THR500:0G1 A:OH---E:O¢
A:GLN42:NE2--E:GLY446:0 A::NH2%--E:O
A:GLN42:NE2--E:TYR449:0H A:Ns---E:OH
A:TYR83:0H--E:ASN487:0D1 A:OH---E:O¢
E:TYR449:0H--A:ASP38:0D2 E:OH---A:0°
E:ASN487:ND2--A:GLN24:0E1 E:NH2:---A:0¢
E:GLY502:N--A:LYS353:0 E:NH---A:O
E:TYR505:0H--A:GLU37:0E1 E:OH---A:O
A:HIS34:CD2--E:TYR453:0H A:C--E:OH
A:TYR83:0H--E:PHE486 A:OH--E:N
E:LEU455:CD1--A:HIS34 E:C--A:NH
A:LYS353:C,0; GLY354:N--E:TYR505 A:C, O; N---E:NH
E:PHE486--A:MET82 E:O--A:NH
E:TYR489--A:LYS31 E:O--A:NH
E:TYR505-A:LYS353 E:O--A:NH
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Table 4 TMPRSS2 inhibitors and their information

Name Structure Activity Reference
Camostat mesylate " cmsot . Oral active protease inhibitor. It can inhibit trypsin, various [24]
H,N/< 00—% >*N/\ inflammatory proteases, TMPRSS2, and partially block SARS-
" <:> <0 y ‘ CoV-2 (COVID-19) from entering lung cells

BDBM50324475 O\(ﬁ TMPRSS2 inhibitor [25]
N /§H
é\o

BDBM50349344 TMPRSS2 inhibitor [25]

BDBM50349345 TMPRSS2 inhibitor [25]
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Figure 1 Workflow for classification models building, valida-
tion, and virtual screening for potential inhibitors. NB: Naive
Bayes; SVM: Support vector machine; RP: Recurve
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