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Summary

Main protease, also known as 3-chymotrypsin-like protease, is required to process polyproteins
into mature nonstructural proteins that are essential for transcription and replication of SARS-CoV-2.
Our study performed virtual screening for potential compounds, from nine herbal medicine using in
traditional herbal steam therapy, that could inhibit the main protease of SARS-CoV-2, using
molecular docking method. The results suggested that several compounds could reversibly bind with
the active site of this protease and could inhibit both the wild type and the C145A mutation, thereby
serving the basis for the discovery of new active compounds that could be applied to the treatment

of COVID-19.
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Dat van dé

Dai dich COVID-19 (Coronavirus Disease
2019) do t&c nhén virus SARS-CoV-2 (Severe
Acute Respiratory Syndrome Coronavirus 2) va
cac bién thé bung phat dang gay ra nhirng hau
qua nghiém trong dén src khde con ngudi va
nén kinh té - x& hoi trén toan thé gidi trong giai
doan nhitng nam tir 2019 dén 2021 va duoc du
doan sé con kéo dai hon nira M. Hién nay, ngoai
bién phap phong ngtra bang vaccin, sw lwa chon
céc thube diéu tri cho COVID-19 ap dung trong
lam sang van con han ché, do do viéc nghién
clru cac hoat chat c6 khd nang khang virus
SARS-CoV-2 tr& nén cap thiét. Trong sb cac
muc tiéu tac dong tiém nang, protease chinh
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(Mpro), mot protease kiéu 3-chymotrypsin
(3CLpro), déng vai tré quan trong trong qua trinh
hinh thanh cac protein khéng céu tric trwdng
thanh, vén la téi can thiét cho sy phién ma va
nhan 1&n cla virus trong cac té bao dich. Tinh
dac hiéu co chét cia Mpro dwoc bdo toén cao
gita cac ching Coronavirus khac nhau khién
cho muc tiéu nay tré nén ly twédng cho viéc phat
trién cac thudc khang virus phd rong . Dua
trén cong van 1306/BYT-YDCT vé huéng dan
st dung cac bai thubc trong phong va hé tro
diéu tri COVID-19 do B& Y té ban hanh
(17/03/2020) Bl bai thudc két hop xdng hoi va
ubng nudc sac dLPO’C str dung trong nghién ctru
nay. Trong ndi dung bai bao, phwong phap sang
loc a0 dwoc thwc hién déi véi cac hop chét tw
nhién ctia mot sb dwoc liéu theo bai thubce trén
nham danh gia cho tiém nang (c ché Mpro,
ngan chén sy phat trién ca SARS-CoV-2, qua
doé goép phan vao viéc phat trién cac hoat chat ¢
kha nang &ng dung trong phong ngtra va diéu tri
COVID-19.
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P6i twong va
nghién clru

Déi twong nghién clru

Bai thubc hwéng dan cé thanh phan duwoc
lieu nhuv sau: Kinh gi¢i (Herba Elsholtziae
ciliatae), 1&4 16t (Herba Piperis lolot), bac ha
(Herba Menthae), tran bi (Pericarpium Citri

phwong phap

reticulatae), bach chi (Radix Angelicae
dahuricae), kim ngan (Flos Lonicerae
japonicae), tram (Folium Melaleucae), bw&i

(Folium et Exocarpium Citri grandis) va gung
(Folium et Rhizoma Zingeberis) .

Céc protein dich cia SARS-CoV-2 gém Mpro
dang tw nhién (WT) va dang dot bién phd bién
C145A.

Sang loc &0 cac hop chét tw nhién tir cac
duoc liéu badng phuwong phap gan két phan to
déi voi dich tac dong Mpro WT va Mpro C145A
clia SARS-CoV-2.

Phwong phap nghién ctru

Chuan bi céu tric cdc hop chat tw nhién
va céu tric cua cédc dang Mpro

Dwa trén phwong phap ché bién va st dung
cac duorc liéu theo cbng van 1306/BYT-YDCT,
gdm phuwong phép xéng hit va sac ubng, cac
hop chét tw nhién (ligand) duwoc lwa chon dwa
trén kha nang bay hoi, 16i cubn dugc theo hoi
nwédc dé xong hodc hoa tan dwoc trong nuwéc dé
ubng. Céu tric cla cac hop chat nay duoc tai
vé tor PubChem
(https://pubchem.ncbi.nim.nih.gov/) hoac
Scifinder (https://scifinder-n.cas.org/).

Céu tric cta Mpro WT (7COM) ¥ va Mpro
C145A (7JOY) ¥l dwoc tai tir Protein Data Bank
(https://www.rcsb.org/).

Céc chu truc cua ligand va protein sau d6
dwoc nhap vao MOE 2015 dé tinh toan dién tich
tirng phan theo phwong phap Gasteiger-Huckel,
proton héa dwéi diéu kién pH 7,4 va téi tiéu hoa
nang lvgng dwai trwong lwe AMBER99 e,

Phuwong phép gan két phan tor

Khoang hoat ddng ctdia Mpro chira b doéi xuc
tac H41 va C145 cho qua trinh phan cét lién két
peptid. Cac chat &c ché Mpro hién nay duoc
bao cao gdm ca loai khéng gan két hodc cé gan
két cong hoa tri (CHT) v&i C145 thong qua phan
trng clia nhom sulfhydryl (-SH) vo&i aldehyd -

ceton hodc enon lién hop . Do d6, cac hop chét
tw nhién duoc sang loc voi kidu gan két khong
CHT v6i Mpro WT va Mpro C145A, ddng thoi
duwoc sang loc voi kiéu gan két CHT voi C145
cla Mpro WT. Theo dd, thuat toan ‘Triangle
Matching’ dwoc st dung dé xay dwng cac ciu
dang va xép hang bang nang lvong gan két
London dG, sau d6 100 ciu dang d4u tién duwoc
danh gia lai (refinement) bang thuat toan ‘Induce
Fit' v&i m&c chénh léch nang lwong téi thiéu la
0,001 kcal.mol™" hoac ti da 1000 bwarc ti thiéu
héa ndng lwong va xép hang bang nang lvong
gan két GBVI/WSA dG. Céu dang v&i nang
lwong gan két (BE) thAp nhét sau khi danh gia
lai cla tirng hop chat, v&i gia tri khdong qua
—7 kcal.mol™" dwoc st dung dé phan tich.

Két qua va ban luan

Cac hop chéat tw nhién

T chin dwoc liéu da lwa chon, téng cong
711 hop chét tw nhién dwoc xac dinh, gdm 586
cu tric tv PubChem va 125 céu truc ti
SciFinder, véi sw phan bd cac nhém héa hoc
dwoc trinh bay trong hinh 1. Trong s6 cac hop
chét nay, c6 17 aldehyd, 120 ceton va 343 enon
lien hop c6 thé tham gia phan (rng v&i nhdm
sulfhydryl ciia C145.

Gan két phan t

Két qua tai gan két CHT cua boceprevir,
déng két tinh trong phtrc hop véi Mpro WT
(7COM) cho thdy théng sb va phuwong phap st
dung c6 kha nang tai tao di liéu thyec nghiém va
phu hop dé& s dung cho nghién ctu (BE
-8,35 kcal.mol™"; RMSD 1,28 A).

Sw phan bd BE trong méi truérng hop khao
sat gan két phan t& dwoc trinh bay trong hinh
1B. Nhin chung cac hop chét khdo sat co kha
nang gan két khong CHT v&i Mpro WT tét hon
trong trwérng hop CHT. Bang 1 chira 7 hop chéat
c6 khd ndng gan két CHT tét nhat (BE <
—7 kcal.mol™"), t&t ca déu theo phan trng Michael
vao enon lién hgp. Tuy nhién, khi so sanh véi
kiéu gan khong CHT clia ciing cac chét nay, c6
thé thay kiéu gan két wu tién nhat cia 7 hop
chat nay ndi riéng va toan bo cac chéat khao sat
néi chung dbi véi Mpro la dang gan két
khong CHT.
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A Phén loai cac nhém hoda hoc trong bd dir liéu cac hgp chat ty nhién khdo sat

B Gan két khéng CHT vao Mpro WT

A

0.70% BE <-10
7.88% -10<BE<-9
12.94% 9<BE<-8
25.18% -8<BE <-7
53.31% BE > -7

27.14% Flavonoid
15.47% Monoterpen(oid)
14.21% Sesquiterpen{oid)
9.28% Coumarin

8.02% Phenylpropanoid
7.88% Iridoid

4.78% Saponin/Triterpen(oid) -

3.66% Alkaloid
3.66% Chéat cay
1.97% Lignan
1.69% Diterpen(oid)
0.42% Peptid
0.28% Anthraquinon
1.55% Khac

inni
|

Gan két khong CHT vao Mpro C145A

a

N 1.13% BE<-10

N 872% -10<BE<-9
L

|

12.94% -9<BE<-8
23.77% -8<BE<-7
53.45% BE>-7

Gan két CHT vao Mpro WT

B 204% BE<-7
97.96% -7 <BE

Hinh 1. (A) Phén loai cdc nhém héa hoc trong bé diF liéu céc hop chét tw nhién khdo sét;
(B) Sw phan b BE (kcal.mol™) ctia cac hop chat khi gén két CHT theo phan tmg Michael
vao enon lién hop, hodc khéng CHT véi Mpro WT va Mpro C145A.

Dé Iya chon cac hop chét tiém nang nhét (¢
ché ca Mpro WT va Mpro C145A, cac ciu dang
clia tivng chat thu dwoc trong hai trwdng hop
dwoc xép chong 1én nhau. Cac chat c6 sy thay
ddi ciu dang trong hai trwdng hop khong qua
I&n v&i RMSD khéng qua 3.0 A dwoc gilr lai voi
ly do kha n&ng gén két ciia cac hop chét nay it
bi thay ddi khi cAu dang cta Mpro thay déi do
dot bién. C6 trong sb 331 hop chét véi BE <
—7 kcal.mol™" thda man tiéu chi nay. Tiép dén,
twong tac véi cac amino acid trong khoang gan

két cia 61 hop chat nay dwoc xem xét bang
cdng cu ‘Protein-Ligand Interaction Fingerprint
trong MOE 2015 dé Iya chon tiép cac hgp chat
thda man hai tiéu chi: (1) - Twong tac véi 1
trong 2 bd d6i amino acid xuc tac H41 va C145;
(2) - Twong tac dwoc véi tdi thiéu 2 amino acid
trong khoang gén két. Theo d6, 21 hop chét
tiém nang nhat chat dwoc lwa chon. Théng tin
tém tat vé khd ndng gén két cta 21 hop chéat
tiém nang nhéat nay dwoc trinh bay trong bang 2.
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Bang 1. So sanh kiéu gén két khong CHT véi gén két CHT theo phan ting Michael
vao enon lién hop, cla céc hop chét cé6 BE CHT < —7 kcal.mol ™ trén Mpro WT.

£ BE (kcal.mol™")
Hop chat Khong CHT Cé CHT
10,14 7,55

7,19

7,26

CID 441381 - Saponarin (Exocarpium Citri grandis)

OH OH
-8,81 7,80
O "OH

CAS 2230242-82-5 (Flos Lonicerae japonicae)

OH
HO/,' ‘\\\\

-8,64 7,09

CID 44258082 - Luteolin-7-O-rutinosid (Herba Elsholtziae ciliatae)
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© OH O -8,82 712
HO,
7, o
HO” ™ Y0
OH

CID 9851181 - Isorhoifolin (Herba Menthae)

PSSP
T - -

HO
CID 6440783 - Acid 3,4,5-tricaffeoylquinic (Flos Lonicerae japonicae)

Bang 2. Thong tin vé kha nang gan két voi )
Mpro WT va Mpro C145A cta 21 hop chat tiém ndng nhat

BE (kcal.mol'") RMSD  Amino

Hop chat WT  C145A  (A) acid**

OH OH O
n,, OO O OH  _ _ G143
U o Yo o O 952 -976 1,40 163
3 192
HO” > ""OH o~ Q

OH
CID 10621 - Hesperidin (Pericarpium Citri reticulatae, Exocarpium Citri grandis)

HO,, OH
H41
\(j/ O O OH -797 -7,90 2,87 H163
OH

CAS 54985-16-9 - Luteolin 7-0O-galactosid (Flos Lonicerae japonicae)

H41
o Y -8,63  -8,563 2,56 G143

H163

CAS 88510-06-9 (Radix Angelicae dahuricae)
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OH
HO,, \OH

H41

-8,03 -8,48 1,52 Q192

HOgO OH

CID 129663 - Hesperetin-5- O qu003|d (Pericarpium Citri reticulatae)

H41
b j%?ji) 800 -7,86 239 i,

/
CAS 1338466-01-5 (Flos Lonicerae japonicae)

/
O
(0]
o H41
o -8,17  -8,38 2,29 E166
o,
hd oH :
CID 637857 - Loniceracetalid (Flos Lonicerae japonicae)
H41
-7,74  -755 2,63 S144
C/A145*
CAS 152100-11-3 (Flos Lonicerae japonicae)
H41
-847  -8,36 1,31 G143
CAS 1416473-50-1 (Flos Lonicerae japonicae)
N142
-8,53 -8,30 2,94 S144
C/A145*

CAS 2222989-13-9 - 6'-O-Acetylvogelosid (Flos Lonicerae japonicae)
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OH oS o gﬂs
o 881 904 190 i
E166

CAS 2230242-82-5 (Flos Lonicerae japonicae)

H41
-8,05 -8,21 1,84 H163
CID 5280637 - Cynarosid (Herba Elsholtziae ciliatae, Flos Lonicerae japonicae)
H41
N142
G143
-9,38 9,29 2,32 S144
C/A145*
HO™ OH H163
OH
CID 5282150 - Rhoifolin (Flos Lonicerae japonicae, Exocarpium Citri grandis)
OH OH O

Ho:é‘\\o
O | 823 -806 234 Ha1
Ho™ O 0 o O OH Q192
HO™ OH

CID 5320439 - Pedaliin (Herba Elsholtziae ciliatae)

o~ H41
-7,76  -7,70 1,32 H163
E166
“'OH
CID 11228693 - Morronisid (Flos Lonicerae japonicae)
OH OH
@) G143
~ _ _
7,16 7,23 2,70 C/A145*
HO
CID 11369949 - [6]-Gingerdiol (Rhizoma Zingiberis)
HO OH
HO,
0 0T o S144
} -752 7,71 2,04 CIA145*
HO” Y 'O
OH Z O~ OH

CID 14136854 - Secologanosid (Flos Lonicerae japonicae)
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OH

H41

-8,12 8,79 2,39 S144

CID 14376376 - Flavoyadorinin B (Flos Lonicerae japonicae)

OH O

HO “"OH
OH

H41
L141
9,20 -924 1,82 G143
S144
H163

CID 69964214 - Neodiosmin (Exocarpium Citri grandis)

OH O

HOY ""l

L141
G143
S144
C/A145*
H163
E166

-842  -8,01 1,76

H41
-8,96 8,71 2,43 H163
E166

N142

G143

799  -757 2,26 S144
C/A145*

H163

CID 131752314 - Acid isolimonic (Pericarpium Citri reticulatae)

*C145 cta Mpro WT hodc A145 clia Mpro C145A
**Céc amino acid hinh thanh lién két hydro hodc twong tac phén cuc nhw 7z, =-p, mproton...

cung xuét hién trong cé hai trurong hop

Théng qua phwong phap gan két phan to, tir
711 hop chét ty nhién cé ngudn géc tir 9 loai
dwoc liéu duwoc st dung trong bai thubc xéng cd
truyén, nghién clru sang loc dwoc 21 hop chat
tiém nang &c ché Mpro dang tw nhién va dang

dot bién C145A, voi kha nang tuwong tac truc
tiép v&i bo ddi xuc tac H41 va/hoac C145 (hodc
A145). Trong sb d6, cé 13 hop chét cd chira
trong kim ngan (Flos Lonicerae japonicae), 4
hop chét cé chira trong tran bi (Pericarpium Citri
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reticulatae), 3 hop chét cé chira trong budi
(Folium et Exocarpium Citri grandis), 2 hop chét
c6 cha trong kinh qi¢i (Herba Elsholtziae
ciliatae), 1 hop chét c6 chira trong girng (Folium
et Rhizoma Zingeberis) va 1 hop chéat c6 chira

trong bach chi (Radix Angelicae dahuricae), qua
dé cho thdy tiém nang cla cac dwoc liéu trong
viec ng dung dé& phong ngira va diéu tri
CoOVID-19.

Hinh 2. Minh hoa kha néng gén két ctia mot s6 hop chét tw nhién
trong khoang hoat déng cta Mpro WT (ligand mau tim dam, protein mau tim nhat)
va Mpro C145A (ligand mau xanh luc dam, protein mau xanh luc nhat).
(A) CID 10621; (B) CAS 2230242-82-5; (C) CAS 1416473-50-1; va (D) CID 5282150.

Két luan

T 9 dwoc liéu dwoc sir dung trong bai thubc
xéng cb truyén, nghién ctu da sang loc duoc
21 hop chét tw nhién, phan Ién 1a cac hop chét
glycosid c6 céu truc flavonoid va iridoid, c6 kha
nang c ché Mpro dang tw nhién va dang dot
bién C145A. Két qua nghién ctru cho thdy céac
hoat chét tlr thdo dwoc cla Viét Nam co tiém
naéng &c ché SARS-CoV 2 va ciing la co sé& dé
tiép tuc phat trién nghién ctru trén cac protein
dich khac cla virus.
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