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SANG LOC TAC DUNG KHANG VIRUS SARS-COV-2
CUA CAC FLAVONOID TU DUQ'C LIEU BANG DOCKING PHAN T

TOM TAT

SARS-CoV-2 hay céc bénh do CoV gay ra
van thu hat sy quan tdm nghién cau cia cac nha
khoa hoc. Cac hop chit ty nhién 1a ngudn nguyén
liéu phong pht cho viéc tim kiém céc chat dan
duong. Trong nghién ctu nay, 30 flavonoid
chinh tir duoc liéu da duogc sang loc tac dung (ing
ché SARS-CoV-2 thong qua main protease va
enzym chuyén dang chuyén Angiotensin 2 bang
docking phan tir sir dung phan mém Autodock
Vina. Két qua cho thay 30 flavonoid déu c6 kha
nang Gc ché protein Mpro cua SARS-CoV-2 va
thu thé ACE2 ngudi. Trong dé, cac hop chit thé
hién kha niang lién két manh nhat la: rutin,
guercetin  3-O-rhamnoside,  cyanidin  3-
sophorosit, silibinin A, silibinin B. Rutin c6 kha
nang lién két manh nhat véi ca Mpro va ACE2
v6i nang luong lién két lan luot 12 -8.6 va -10.9
kcal/mol. Vi tAc dung wc ché virus cing sy sin
c6 v& ngudn cung cap duoc liéu, cac flavonoid
nay c6 thé la cac chat din dudng tiém ning dé
nghién ciru céc thude diéu tri SARS-CoV-2.
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SUMMARY
SCREENING FOR SARS-COV-2
INHIBITORS OF FLAVONOIDS FROM
HERBS USING MOLECULAR DOCKING

SARS-CoV-2 or other diseases caused by
CoV still attract the research interest of
scientists. Natural compounds are a rich source
of raw materials for the search for guides. In this
study, 30 main flavonoids from medicinal plants
were screened for their inhibitory effect on
SARS-CoV-2 through main protease and
Angiotensin 2 converting enzyme by molecular
docking using Autodock Vina software. The
results showed that all 30 flavonoids could
inhibit the Mpro protein of SARS-CoV-2 and the
human ACE2 receptor. Among them, the
compounds showing the strongest binding ability
are: rutin, quercetin 3-O-rhamnoside, cyanidin 3-
sophoroside, silibinin A, silibinin B. Rutin has
the strongest binding ability with both Mpro and
ACE2 with binding energies are -8.6 and -10.9
kcal/mol, respectively. With their virus-
inhibiting effects and the availability of
medicinal supplies, these flavonoids could be
potential leads for researching drugs to treat
SARS-CoV-2.
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I. DAT VAN DE

SARS-CoV-2, hay con dugc goi la 2019-
nCoV, la virus gay bénh COVID 19. Virus
nay lan dau tién dugc xac dinh trong duong
hd hap caa nhitng bénh nhan viém phéi ¢ Vi
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Han, Ho6 Béc, Trung Qudc vao thang 12 nam
2019, sau d6 duoc xac dinh la mot loai B-
coronavirus méi (nCoV) [1]. Cac muc tiéu
tiém nang cuia cac thude diéu tri SARS-CoV-
2 la spike protein (S), main protease (Mpro),
ARN polymerase phu thuéc ARN, va enzym
chuyén Angiotensin 2 (ACE2) [2]. Trong do,
Mpro la mot loai enzyme quan trong hoat
dong phdi hop véi cac thanh phan khac dé
gilp sao chép va phién md@ RNA cua virus,
cling 13 muc tiéu duoc nghién ciru nhiéu nhat
d6i voi cac loai thudc khang CoV [3]. ACE2,
mot protein lién két mang loai I, dwoc biéu
hién & nhiéu md bao gém tim, than, rudt,
phdi [4]. ACE2 dugc cho 1a ¢6 lién quan dén
sy nhan 1&n cua virus, tao diéu kién thuan loi
cho su nhan 1én cua coronavirus trong phéi,
giai thich nguyén nhan gay ton thuong than,
suy tim va ton thwong gan & bénh nhan
nhiém COVID-19 [5].

Flavonoid 1a mét nhdm céc san pham ty
nhién c6 cau tric polyphenol, c6 mat trong
nhiéu dugc liéu y hoc ¢b truyén va cac dang
thuéc bao ché hién dai. Mot sé flavonoid da
dugc chung minh ¢6 tac dung tc ché chéng
lai coronavirus bang céach lién két véi cac
muc tiéu virus quan trong trong qua trinh
xam nhap va/hoac nhan Ién cua virus, cling
nhu hoat dong diéu hoa mién dich va chéng
viém. Do d6 day duoc coi la mdt nhom hoat
chat tiém ning cho phat trién cac thude diéu
tri [6]. Tuy nhién, do sb lugng Ién cac chat
can nghién cau, ky thuat docking phan tir 1a
mot cdng cu quan trong o thé cai thién dang
ké hiéu qua va giam chi phi trong viéc
nghién ciu thuée méi [7].

Vi nhiing 1y do trén, dé tai “Sang loc tac
dung khang virus SARS-COV-2 cua cac
flavonoid tir dwoc liéu bang docking phan
tu” duoc thuc hién vai muc tiéu sang loc tac
dung khéang virus SARS-COV-2 cua 30

flavonoid phdé bién tir dugc liéu bing
docking phan t.

1. DOI TUONG VA PHUO'NG PHAP NGHIEN CU'U

2.1. P6i twong nghién ciru

30 flavonoid chinh trong cac dugc ligu
thuoc Danh muc duoc liéu thiét yéu (Thdng
tu s6 19/2018/TT-BYT ngay 30/8/2018). Tir
cac duoc liéu thuoc Danh muc thubc thiét
yéu, lya chon cac cay thubc co flavonoid la
thanh phan chinh, xac dinh flavonoid chinh
trong cac dugc liéu da tim duoc.

2.2. Phwong phap nghién ciru

M6 phong tuong tac cua céac flavonoid
V6i cac protein muc tiéu bang docking phan
tr v6i phan mém Vinadock dé danh gia kha
ning Gc ché hoat dong cua virus théng qua
cac protein nay. Sir dung cac phan mém sau:
ChemBio3D 14.0, Discovery Studio 2021
Client (http://mgltools. scripps.edu/
downloads), MGLTools - 1.5.7 (http://
mgltools.scripps.edu/downloads), Autodock
Vina 4.2 (https://vina.  scripps. edu/
downloads/).

Céc budc tién hanh nhu sau:

Budc 1. Chuan bi phéi tir bang phan
mém Discovery Studio 2021 Client va luu
file dudi dang pdbqt. Cau tric cua 3D 30
flavonoid (Apigenin, Baicalein, Brazilin,
Carthamidin, Chrysin, Cyanidin, Cyanidin
3_sophorosit, Hesperetin, Homoplantaginin,
Hyperin, Kaempferol, Luteolin, Mulberrin,
Myricetin, Oroxylin A, Puerarin, Quercetin,
Quercetin 3_O_rhamnoside, Rhamnocitrin,
Rutin, Scutellarein, Silibinin A, Silibinin B,
Silicristin, Sinensetin, Tangeretin,
Tectoridin, Tectorigenin, Vitexin, Wogonin)
duoc tai vé tir PubChem (https://pubchem.
ncbi.nlm.nih.gov/).

Buéc 2. CAu tric X-ray cua Mpro
(6Y2G) va enzyme chuyén ACE2 (1R4L)
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dugc ldy tr ngdn hang dit liéu protein
(protein data bank: https://www.rcsb.org)
Chuan bi protein bang phan mém Discovery

Studio 2021 Client va Autodock Vina, thém
hydrogen vao protein, luu dudi dang pdbqgt.

Hinh 1. Cdu trac 3D cia (A) Mpro (6Y2G) va (B) enzyme chuyén ACE2 (1R4L)

Budc 3. Docking phén tu: Céc tép .pdbqt
cua protein va phdi tir dugc sir dung dé thuc
hién docking. Vi tri lién két dugc xac dinh
bai mot hinh hop chir nhat 3 chiéu (gridbox).
Do 2 protein 6Y2G va 1R4L di cé phdi tir
lien két sin, toa do hop ludi duoc dat trung
tam (center) tai vi tri ctia phéi tir ban dau va
diéu chinh kich thuéc dé bao phi hoan toan
phdi tir. Thuc hién docking bang phan mém
Autodock Vina. Nang lwong va vi tri lién két
duogc tinh toan va st dung dé danh gia do
bén lién két giira protein-phéi ti.

Budc 4. Phan tich két qua: Sau khi thu
duoc nang luong lién két va vi tri gan két cua
phdi tir - protein, biéu dién hinh anh tuong
tac bang phan mém Discovery Studio 2021
Client.

INl. KET QUA NGHIEN CU'U

3.1. Két qua docking phan tir cia
Mpro (6Y2G) véi cac flavonoid

Két qua md phong bang docking phan tu
cho thay cac flavonoid déu gin vao ving
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hoat dong cua Mpro (6Y2G) véi nang lugng
lien két thap, tir -6.5 kcal/mol véi wogonin
dén -8.6 kcal/mol véi rutin. Cac hop chat c6
nang luong lién két thap nhat lan luot 1
rutin (-8.6 kcal/mol), homoplantaginin (-8.5
kcal/mol), quercetin 3 —O —rhamnoside (-8.4
kcal/mol), vitexin (-8.3 kcal/mol), cyanidin 3
-sophorosit, (-8.1 kcal/mol), silibinin A (-8.1
kcal/mol), silibinin B (-8.1 kcal/mol). Mt s6
chit c6 kha nang lién két bén viing nhat
trong s6 30 flavonoid duoc phan tich hinh
anh twong tac véi protein bang phan mém
Discovery Studio 2021 Client. Két qua cho
thiy cac flavonoid déu gan vao vung hoat
dong caa Mpro cha yéu bang cac lién két
hydro, Van der Waals, carbon-hydrogen.
Ngoai ra ¢ cac trung tdm hoat dong con co
sy tham gia cua cac lién két pi-carbon, pi-
alkyl, pi-pi T shaped, pi-sigma... dé giai
phong nang lugng va lam chat hon tuong tac
gitra ligand-enzym.
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Bdng 1. Ning lwong lién két ciia mgt sé flavonoid véi protein Mpro va ACE2

Mpro ACE?2
STT| Flavonoid Nang lu’(:)’ng Nang lu?ng
lién ket Vi tri twong tac lién ket Vi tri twong tac
(kcal/mol) (kcal/mol)
HIS A:345. PRO A:346,
Cyanidin 3 - GLU A:166, THR
1 sophorosit -8.1 A-190 -10 HIS A:505, ARG A:273,
P ' ASP A:368
ASN A:142, GLU
Homoplantagi A:166, CYS A:145,
2 -8. -9. LYS A: ARG A:27
nin 8.5 HIS: 163, HIS 95 S A383, ARG 3
A:164, LEU A:141
HIS A:41, GLU
3 Mulberrin -7.9 -9 ASP A:368, THR A:371
A:166, PHE A:140
. PHE A:140, GLU
4 Puerarin -7.9 -9.2 GLU A:145, ASN A:149
A:166
Quercetin 3 -0 THR A:26, HIS
-8.4 -10.1 ASN A:149, ARG A:27
> -rhamnoside 8 A:41, PHE A:140 0 S % ARG 3
LYS A:363, ASP A:367,
. ASN A:142, CYS
6 Rutin -8.6 -10.9  |ASN A:149, GLU A:145,
A:145, VAL A:186
ARG A:273, TYR A:515
e CYS A:44, ASN
7 | Silibinin A -8.1 -10.3 LYS A:363, ARG A:518
A:142, CYS A:145
GLY A:143, SER LYS A:363, ASN A:149,
8 | Silibinin B -8.1 A:144, LEU A:141,]  -10.7 ASP A:368, CYS A:361,
GLN A:192 THR A:371, GLN A:442
THR A:365, ASP A:269,
ASN A:142, GLU ARG A:518, GLU A:145,
9 Silicristin -7.8 -10
A:166 HIS A:345, HIS A:505,
ARG A:273
10 Vitexin -8.3 SER A:144 -94 ASN A:149, LYS A:363
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Hinh 1. Twong tdc giiza Mpro véi mét sé flavonoid

3.2. Két qua docking phan tir cia
ACE2 (1R4L) véi cac flavonoid

Két qua tir Bang 1 cho thy ning lugng
lien két cua ACE2 (1R4L) véi céc flavonoid
nam trong khoang tir -8.2 (tangeretin) dén -
10.9 (rutin), thap hon so véi nang luong lién
két voi Mpro. Trong d6, 10 hop chat cho
ning lugng lién két thap nhat 1a: rutin (-10.9
kcal/mol), silibinin B (-10.7 kcal/mol),
silibinin A (-10.3 kcal/mol), quercetin 3 -O —
rhamnoside (-10.1 kcal/mol), cyanidin 3 —
sophorosit (-10 kcal/mol), silicristin (-10
kcal/mol).
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Ttr 30 flavonoid ban dau, lua chon 5 hop
chat c6 nang lwong lién két thap nhat, biéu
didn hinh anh twong tac bang phan mém
Discovery Studio 2021 Client. Qua Hinh 3.4
vé tuong tac 2D giita phdi ta-protein, ta co
thé thidy cac hop chat tuong tac voi céc
amino acid vai nhiéu loai lién két khac nhau.
Rutin 1a chat co6 ning luong lién két thap
nhat va ddng thoi ciing c6 s6 luong lién két
hydro cao nhat 1a 9 lién két voi céac acid
amin: LYS A:363, ASP A:367, ASN A:149,
GLU A:145, ARG A:273, TYR A:515, ngoai
ra con c6 cac lién két van der Waals, Pi-Pi T
shaped, Pi-Pi stacked, Pi —alkyl.
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Hinh 2. Twong tic giita ACE2 véi mét sé flavonoid

IV. BAN LUAN

4.1. Vé mé hinh docking

Két qua docking bang Autodock Vina
cho thay, cac ligand déu c6 xu huéng gan
V6i céc protein & vi tri hoat dong. Vi tri gan
cua cac flavonoid vaéi protein Mpro tai cac
acid amin PHE140, ASN142, CYS145,
GLY143, SER144 [8] va ACE2 tai ARG273,
HIS505, HIS345. PRO346, THR371,
TYR515 [9] c6 su twong dong Vvéi céc
nghién ctru da cong bd. Két qua nay cho thiy
viéc ap dung phuong phap sang loc 40 bang
docking phan tir c6 kha ning ung dung dé
nghién ciru tuong tac giita Cac chat trong
ngan hang cac hop chit tu nhién hoic tong
hop véi cac protein nay. Cac phuong phap in
silico c6 thé cho phép sang loc 40 hang triéu

hop chat trong thoi gian ngan, do d6 giam
chi phi ban dau cho viéc xac dinh cac hop
chat dan duong va cai thién co hoi tim kiém
c4c ng cir vién thudc diéu tri mong mudn
[7]. Tuy nhién, két qua sang loc phu thudc
vao chic ning tinh todn cua phan mém
docking. B&n canh d6, mét protein c6 thé tén
tai trong chuyén dong lién tuc giira c4c trang
thai hinh dang khéac nhau, trong khi véi cac
phan mém docking, cac thy thé nay ludn &
trang thai ctng (rigrid). Do do, s€ cd su khac
biét gitta md phong va thyuc té dién ra trong
co thé sinh vat [10]. Do d6, phuong phép
sang loc in silico mac du cd rat nhiéu loi thé
nhung khong thé thay thé hoan toan cho céac
phuong phap thuc nghiém. Dé phat trién mot
thudc hoan chinh can tién hanh nhiéu budc
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nghién cau thuc nghiém ciing nhu nghién
ctru 1am sang dé dam bao tinh an toan ciing
nhu hiéu qua diéu tri.

4.2. Vé két qua twong tac flavonoid-
protein

Két qua cho thay ring tit ca cac
flavonoid trong nghién ctru nay déu lién két
véi protein Mpro cua virus va thy thé ACE2
cia con nguoi & mot mac d6 nao do6. Cac
phdi tir déu gan két tai vi tri hoat dong cua
protein. Piéu d6 cho thay rang céac flavonoid
dugc nghién ciru déu ¢ tiém nang trg thanh
cac chat ¢c ché Mpro va ACE2 tét. C6 su
khéc nhau vé kha nang gan két giira cac phoi
tr, tuy nhién cling thdy su tuong dong vé
mac do lien két coua cac flavonoid vGi 2
protein nay khi c&c chat c6 lién két bén viing
véi Mpro thi ciing lién két bén viing voi
ACE2. Ca 5 chét c¢6 nang luong lién két véi
Mpro < - 8.0 kcal/mol thi cling c6 nang
luong lién két voi ACE2 < - 10.0 kcal/mol.
Céc hop chat thé hién kha niang gin két tot
véi ca hai protein la: cyanidin 3 -sophorosit,
quercetin 3-O-rhamnoside, rutin, silibinin A
va silibinin B. Rutin thé hién ning luong lién
két thap nhat véi ca hai protein. Rutin ciing
da dugc chung minh 1a thanh phan quan
trong trong tac dung wc ché sy nhan 18n cua
virus cua bai thuéc cd truyén Trung Quéc
Xuefu  Zhuyu [11]. Silibinin, mét
flavonolignan tir cady Ké& sira (Silybum
marianum) da dugc chitng minh c6 kha nang
giam triéu ching cua cac truong hop mic
COVID nang theo co ché han ché bao
cytokin va giam té bao T thdng qua con
duong wc ché truc tiép STATS3, chéat chinh
diéu chinh tin hiéu gay viém va phan tng
mién dich [12].
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Véi kha ning ¢ ché ca hai protein, céc
flavonoid duoc lya chon nghién ctiu da thé
hién hoat dong wc ché da muc tiéu tiém ning
chng lai SARS-CoV-2 bang cach lién két
v6i cadc muc tiéu virus thiét yéu can thiét
trong qua trinh xadm nhap va nhéan Ién cua
virus. Cac phdi ter lién két véi Mpro lam tc
ché kha ning tach polyprotein dé tao ra céc
protein  khdng cau trdc (Non-structure
Protein, NSP), tir d6 ngén can tao thanh phuc
hop sao chép-phién ma, wc ché sy nhan Ién
cua virus. Bang cach gan voi thu thé ACE2,
cac hop chit lam thay ddi/gian doan qué
trinh lién két cua protein S véi thy thé ACE2
& mién lién két (receptor-binding domain,
RBD), ngin can su xam nhap va lay nhiém
cia SARS-CoV-2. Céc flavonoid trong
nghién ctru nay déu la hoat chét chinh c6
trong cac dugc liéu Hoe hoa, Phlc bdn tr,
Cbc tinh thao, Diép c4, Clc gai, Ké sira. Véi
tac dung @c ché virus cing véi su san co vé
ngudn cung cp duoc liéu, flavonoid c6 thé
la cac chat din duong tiém ning dé nghién
cau cac thude diéu tri COVID 19.

V. KET LUAN

Ca 30 flavonoid déu cho thdy kha ning
rc ché véi protein Mpro cua SARS-CoV-2
va thy thé ACE2 & nguoi. Trong d6, cac hop
chat thé hién kha nang lién két manh nhat 1a:
rutin, quercetin 3-O-rhamnoside, cyanidin 3-
sophorosit, silibinin A, silibinin B.

VI. KIEN NGHI

Thuc hién thém cac nghién cau in vitro
va in vivo dé 1am sang to tac dung cua cac
hoat chat da sang loc truéc khi tién hanh cac
thir nghiém 1am sang dé phat trién cac thudc
diéu tri SARS-CoV-2.
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