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Abstract: This study uses an in silico screening docking model to evaluate the ACE2 inhibitory
activity of natural compounds and drugs. The study collected 49 compounds and evaluated the
ACE?2 inhibitory effect in silico. The study results show that 11 out of the 49 compounds had
stronger inhibitory activity on ACE2 than MLN-4760. Lipinski’s rule of five criteria and predictive
pharmacokinetic-toxicity analysis show that eight compounds including quercetin, galangin,
quisinostat, fluprofylline, spirofylline, RS 504393, TNP and GNF-5 had drug-likeness. These
compounds could be potential drug for the Covid-19 treatment.
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Sang loc 4o cac hop chat ¢o hoat tinh e ché enzym ACE2

nham diéu tri bénh COVID-19 bang
phuong phap docking phan tu

Bui Thanh Tung?, Phan Hong Minh?, Nguyén Nhu Son!, Pham Thé Hai®"

YTruong Dai Hoc Y Duoc, Dai hoc Quéc gia Ha N¢i, 144 Xudn Thuy, Cau Gidy, Ha Noi, Viét Nam

2Trwdng Dai Hoc Duoc Ha Néi, 13-15 Lé Thanh Tong, Hoan Kiém, Ha Noi, Viéet Nam

Nhén ngay 31 thang 10 nam 2020
Chinh sira ngay 17 thdng 11 nam 2020; Chap nhan dang ngay 18 thang 11 nam 2020

Tém tit: Hién nay, hoi ching viém dudng hé hap cip tinh do corona virus 2 (SARS-CoV-2) gay
ra dai dich Coronavirus 2019 (COVID-19) da anh hudng nghiém trong t6i cudc séng va tinh mang
ctia nguoi dan khép noi trén thé gioi. Enzym Angiotensin-converting 2 (ACE2) — mot thu thé cia
SARS-CoV-2, 1a dich tac dung quan trong cho céac loai thuéc e ché COVID-19. Enzym ACE2,
nam trén bé mat cua té bao chu, tao lién két vai spike protein ctia SARS-CoV-2 s& cho phép virus
xa4m nhidm vao té bao biéu mé vat chii. Trong nghién ciru nay, chiing t6i danh gia kha ning tc ché
enzyme ACE2 bang mé hinh docking phén tir ciia 49 hop chat tu nhién va tong hop hoa dugce da
dugc cong bd co kha ning e ché enzym ACE2 va so sanh véi MLN-4760, |a hop chat da ching
minh dugc kha niang wc ché enzyme ACE2. Két qua thu duoc cho thiy c6 11/49 hop chét c¢6 kha
nang trc ché enzym ACE2 cao hon MNL-4760. Phan tich theo quy tic 5 tiéu chi cta Lipinski va du
doan cac thong s6 duoc dong hoc-doc tinh hoc cho théy c6 8 hop chét c6 dic tinh giéng thude 1a
quercetin, galangin, quisinostat, fluprofyllin, spirofyllin, RS 504393, TNP va GNF-5. Cac hop chét
nay c6 thé phat trién thanh thubc diéu tri COVID-19.

Tir khéa: SARS-CoV-2, COVID-19, ACE2, Docking phan tt, in silico.

1. Mé& dau

COVID-19 la can bénh dac trung bdi viém
dudng hd hip cap tinh, bit ngudn tir mot cho hai
san & Thanh phd Vii Han, tinh H6 Béc, Trung
Quéc [1] do virus SARS-CoV-2 gay ra. Véi tinh
chat lay nhiém nhanh chong, dén ngay 22 thang
10 nam 2020, thé gidi c6 hon 41 triéu ca nhiém
bénh, 1,121,843 ca t&r vong do COVID-19 [2].
Viét Nam tinh d&én cting ngdy c6 1144 ca nhiém,
trong d6 60 dang diéu tri, 1046 khoi va c6 32 ca
tu vong [2].
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Bénh nhan nhiém virus SARS-CoV-2 rit da
dang vé tridu chung, tir khong xuét hién triéu
ching tdi suy da tang. Cac triéu chiing tuwong tu
ngudi bi nhiém trang dudng hé hap khac nhu sdt,
ho khan, kho thé, dau nhie co, 1 13n, dau dau,
viém hong, tirc nguc, tiéu chay, budn nén. Bénh
tién trién nang c6 thé dan t6i viém phdi, suy ho
hép tham chi tir vong & mot s6 it bénh nhéan vao
tuan dau tién sau nhiém bénh bdi c¢6 sy gia ting
manh m& sb luong cac cytokine gay viém [3].
Thém vao d6, cac bénh 1y nén nhu dai thao
dudng, ting huyét ap, cac bénh vé tim mach va
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hé hép ciing khién tinh trang bénh thém nghiém
trong [4]. SARS-CoV-2 dugc danh gia la ¢6 kha
ning 1ay nhiém manh hon SARS-CoV [5].

Virus SARS-CoV-2 1a loai virus c6 ARN soi
don duong tinh khong phan doan. Céc protein
cu trac quan trong nhat cia COVID-19 la
protein S, 16p vo bao boc (E), 16p mang (M) va
nucleocapsid (N) [6,7]. Chu trinh nhan 1én cta
virus bét dau véi sy xam nhap cda virus vao co
thé bang cach gin vao thu thé enzym chuyén doi
angiotensin 2 (ACE2) trén bé mit té bao chu
théng qua protein S, theo sau la sy giai phong bo
gen cuia virus vao té bao vat chu [8].

Enzym chuyén d6i angiotensin 2 (ACE2),
duoc virus SARS-CoV-2 dung x4m nhiém vio
té bao chu, 1a mot protein mang loai 1 dugc tim
thiy & phoi, than rudt va tim [9-11]. ACE2 bao
gdm 850 amino axit trong d6 c6 mot chudi trinh
ty HEXXH-E lién két véi Kém (Zn) va ACE2
thong thuong c6 chirc ning diéu hoa hoat dong
tim mach. Thu thé ACE2 dong vai trod quan trong
dbi voi SARS-CoV-2 vi ACE2 giup virus t6i cac
té bao phé nang [12].

Docking phén tit (Molecular Docking,
Protein docking) 14 ki thuat mé hinh héa nham
dy doan vi tri va ciu hinh kha thi ma phan tr co
chat co thé gin v6i phan tr protein muc tiéu.
Phén tr co chat duoc cho dich chuyén trong
khong gian xung quanh vung hoat dong du doan
ctia phan tir protein, dé tim mo hinh gin két ¢
ning lugng lién két am nhét sir dung cac ham
danh gia va phuong phap tim kiém cuc trj toan
cuc khac nhau. Tir d6, c6 thé tim ra nhiing hop
chat o tac dung duoc 1y tot nhit tién thyc hién
thi nghiém. So véi cic phuong phap thuc
nghiém, sang loc 4o in silico giup tiét kiém dang
ké thoi gian, chi phi va cong strc [13].

Nghién ctru ndy tién hanh sang loc cac hop
chét thién nhién va cac chat héa dugc c6 tiém
ning trong diéu tri Covid-19 thong qua kha ning
trc ché thyu thé dich ACE2 bang phuong phap
docking phan tt.

2. Phwong phap nghién ciru

Chuan bi céu tric protein: Ciu tric cua
enzym chuyén Angiotensin 2 (ACE2) ma ID:

IR4L dugc ldy tir ngudn ngan hang dir liu
protein RCSB (https://www.rcsb.org/). Chung
t6i tién hanh loai bo phén tir ddng két tinh va cac
phan tir nwéc bang phan mém Discovery Studio
Visualizer 4.0, sau do, cidc nguyén tir hydro s€
dugc thém vao phén tir protein trude khi tinh
toan dién tich Kollmans bang phan mém MGL
Autodock tools 1.5.6.

Vung hoat dong cua protein dugc lya chon
boi mot hop ludi co kich thude 12Ax10Ax13A
(toa do truc x = 40.003; y = 6.069; z = 28.538)
va khoang cach gifta cac 6 ludi la 1 A. Viéc lya
chon céc chi s6 cua hop ludi dua trén tham khao
mdt sb bai bao da duge cong bd [14-16] va théng
qua qué trinh kiém tra tinh dung dfn ciia md hinh
docking hay redocking: docking chat wc ché co
san (ID: MLN-4760) ctia phan tir protein vao lai
vi tri ban dau, sao cho do léch (RMSD) gitra vi
tri phdi tir trc ché duoc docking va vi tri ban dau
khong qua 1.5 A. Sau d6 luu protein dudi dinh
dang pdbqt dé chuén bi cho qua trinh docking.

Chuén bj cu tric phdi tir: cac cau tric cua
phéi tir duoc thu thip tir tai liéu vé& cac chat
hudng dich thy thé Enzyme chuyén Angiotensin
2 [16-19]. Cu truc 3D cua nhitng phan tir nay
dugc lay tr co so dir litu PubChem
(https://pubchem.ncbi.nlm.nih.gov/) ¢ dinh dang
sdf sau d6 chuyén thanh dinh dang pdb bang
phém mém Discovery Studio Visualizer 2020.
Tlep theo, cac phdi tr dugc téi wu hoa bing
phan mém Avogadro st dung phuong phap
Gradient lién hgp (Conjugate Gradients) roi
chuyén thanh dinh dang .pdbqt bang phin mém
Autodock Tools.

Thuc hién docking phan tir: cac hop chat
dugc dock vao trung tam hoat dong ctia protein
sir dung phan mém Autodock Vina.

Panh gia két qua docking.

Dé danh gia két qua qua trinh docking, phdi
tir tir ddng tinh thé da duogc re-dock lai vao vi tri
hoat dong ctia muc ti€u. Qua trinh dugc thyc hién
thanh cong néu gia tri d6 1éch binh phuong trung
binh gdc (RMSD) nhé hon 1.5 A. Ddi voi cac
chat can docking, kha ning gin két cua ching
dugc danh gia thong qua tuong tac véi cac acid
amin trong hdc phan tng va ning luong tuong
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tac tinh boi ham tinh diém (scoring function) ciia
Autodock vina.

Panh gia quy tic Lipinski 5.

Quy tic Lipinski 5 duoc sir dung dé so sanh
giita cac hop chit co dic tinh giéng thudc va
khong giong thudc [20]. Chung toi sir dung
cong cuy  online (http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp) dé
danh gia quy tic Lipinski 5 [21]. Céu trac hoa
hoc cta cac hop chat duoc tai tir co sé dir lidu
Pubchem (www.pubchem.ncbi.nlm.nih.gov).

Du doan cac thong s6 dugc dong hoc va doc
tinh (ADMET).

Két qua du doan cac théng sb vé duogc
dong hoc bao gdm hap thu, phan bd, chuyén
héa, thai trir va ddc tinh cua cac hop chat
tiém ning dugc danh gia qua cong cu pkCSM
(http://biosig.unimelb.edu.au/pkcsm/predict
ion) [22].

3. Két qua va ban luan

Danh gia mo hinh docking

Trude khi sang loc cac hop chét, phdi tir
déng tinh thé can duoc re-dock lai vao vi tri hoat
dong ctia muc tiéu dé xac dinh do léch binh
phuong trung binh gdc (RMSD) tir d6 danh gia
tinh phu hop cua cac thong s6 docking. béanh gia
su twong dong vé cdu dang, xac dinh gia tri

RMSD biang phin mém Discovery studio
visualizers 2020 thu duoc su chéng Kkhit vé cdu
tric cta phdi tir ddng tinh thé trude va sau khi
dock va gia tri RMSD 13 1.48086 A < 1.5 A
chung t6 két qua docking phan tir vao muc tiéu
la dang tin cay.

Hinh 1. D6 twong dong cua phép danh gia mo hinh
Docking.

Sang loc chét trc ché SAR-COV-2.

Tién hanh docking toan bo 49 hop chét da
dugc chuan bi vao phan tir enzym chuyén
Angiotensin 2 dé sang loc cac phan tr c6 kha
nang tc ché ACE2. Két qua thu dugc ¢ bang sau:

Bang 1. Két qua Docking phén tir

< Nang
) Néng ) luong
STT | Tén hgp chat lugong STT Tén hop chat ;
(kcal/m
(kcal/mol) ol)
1 Luteolin -8.6 26 Hesperetin -8.4
2 Kaempferol -8.8 27 Scutellarin -9.6
3 Apigenin -8.3 28 Curcumin -8.3
4 Quercetin -9.1 29 Tangeretin -6.8
5 Emodin -7.3 30 Brazilein -1.4
6 Chrysin -8.4 31 Brazilin -7.8
7 Rhein -1.4 32 Galangin -9
8 Delphinidin -8.7 33 Acetoxychavicol acetate (ACA) -6.2
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9 Cyanidin -8.6 34 Naringenin -8.1
10 Rhoifolin -8.1 35 Neohessperdin -8.6
11 Rutin -8.7 36 Nobiletin -6.8
— . N-(2-Aminoethyl)-1-
12 Nicot -6. 7 S : -4
cotianamine 68 3 aziridineethanamine (NAAE)
13 Catechin -8.3 38 3-Phenylhydrazonopentane-2,4-dione | -7
14 Epigallocatechin gallate -6.3 39 5-Methyl-8-quinolinol, Tiliquinol -6.2
15 Ferulic acid -6.1 40 1-Chloro-2-ethylbenzene -4.8
16 Chlorogenic acid -8.3 41 Burixafor -1.7
17 Isoferulic acid -6.1 42 Quisinostat -9.3
18 o-viniferin -0.6 43 fluprofylline -9.8
19 Myrtilin -6.5 44 Pemetrexed -9.3
20 Myricitrin -3 45 Spirofylline -11.3
21 Taiwanhomoflavone A -0.7 46 Diniprofylline -8.5
22 Lactucopicrin 15-oxalate -8.5 47 RS 504393 -9.6
23 Afzelin -4.2 48 TNP -9.7
24 Phyllaemblicin B -7.1 49 GNF-5 -9.1
25 Baicalin -9.6 50 MLN 4760 (Chtrng duong) -9
an € & o
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Hinh 2. Sy twong tac gitta MLN-4760 va ACE2.
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Hop chat MLN-4760 (tén hoéa hoc
IUPAC la (2S)-2-[[(1S)-1-carboxy-2-[3-
[(3,5-dichlorophenyl)methyl]imidazol-4-yl]
ethyllamino]-4-methylpentanoic acid) co
cong thirc phan tir C19H23CI2N304 va khdi
lugng phan tr 428.310 Da (PubChem ID:
448281, DrugBank ID: DB12271) 1a mét hop
chét tic ché chon lgc va rat manh dbi voi thu thé
ACE2 & nguoi voi chi s6 ICso 1a 0.44 nM
[23,24]. Do d6 trong nghién ctru nay, diém sb
docking ciia cac phdi tir dugc so sanh véi MLN-
4760 dé danh gia kha nang rc ché ACE2 ciia cac
hop chat. Hinh 2 thé hién sy tuong tic giita
MLN-4760 véi dich ACE2.

Tir két qua ¢ Bang 1, ching t6i thu dugc
11/49 hop chét tong hop thoa man véi mirc ning
lwong thap hon hoic bang so v6i MLN-4760 (-
9.0 kcal/mol). Str dung cac phan tich ADMET va
quy tic 5 diém Lipinski, chiing t6i tién hanh tim
kiém cac hop chét thoa man va cé tiém ning dé

nghién ciru sau hon tro thanh thubc dicu tri
SARS-CoV-2.

Quy tac 5 tiéu chi Lipinski.

B§ 5 tiéu chi Lipinski dugc sir dung rong rai
dé danh gia tiém nang tro thanh thude diéu tri cia
mot hop chit. Qui tic 5 diém Lipinski hd tro
phan biét cac hop chit c6 va khong co tinh chat
thudc, thong qua céc tiéu chi: Khdi lugng phan
tir nho hon 500 Dalton, tinh wa dau cao (chi s6
LogP nhé hon 5), ¢6 it hon 5 gbc cho lién két
Hydro, it hon 10 gdc nhan lién két hydro va chi
s6 do khiic xa mol trong khoang 40-130. Dé
duoc coi 1a ¢o “tinh thudc”, mot hop chét can
thoa man it nhét 2/5 tiéu chi.

Céc qui tic ndy duoc dung nhu mot budc
sang loc cac phan tir ban dau dua trén cac hoat
tinh dugc 1y va sinh hoc, qua d6 giap giam bot
dang ké chi phi, thoi gian va cong sirc nghién ciru
phat trién thudc, dong thoi han ché tdi da that bai
trong giai doan cudi thir nghiém lam sang
[25,26].

Bang 2. Két qua cua 5 tiéu chi Lipinski

ST | Hop chat Ph@n tor Nhém cho lién th')m’ nhéan logP Do khuae Hop chét )
T khoi ket hydrogen | lién két xa mol giong thuoc
(HBD) hydrogen (MR)
(HBA)
1 Quercetin 302.0 5.0 7.0 2.01 74.05 Cé
2 Baicalin 446.0 6.0 11.0 -0.015 104.09 Khong
3 Scutellarin 462.0 7.0 12.0 -0.309 105.76 Khéng
4 Galangin 270.0 3.0 5.0 2.599 70.72 Cé
5 Quisinostat 394.0 3.0 7.0 1.99 110.99 Co
6 Fluprofylline | 427 0.0 7.0 2.65 112.63 Cé
7 Pemetrexed 427 7.0 10.0 0.537 109.15 Khong
8 Spirofylline 480.0 0.0 10.0 1.581 124.86 Cé
9 RS 504393 417.0 1.0 6.0 4.18 118.35 Co
10 | TNP 443.0 3.0 7.0 4.50 111.88 Cé
11 | GNF-5 418.0 3.0 7.0 3.50 103.29 Co

Trong s6 11 hop chét, 8 trong s6 d6 thoa mén
nhiéu hon 2 diém, c6 thé co tiém ning nghién ctru
phat trién thanh thudc bao gdm Quercetin,
Galangin, Quisinostat, Fluprofylline, Spirofylline,
RS 504393, TNP va GNF-5.

Dit liéu phan tich ADMET (hép thu, phéan bd,
chuyén hoa, thai trir va doc tinh):

Béang phan tich ADMET ciing xét toi 5 tiéu
chi chinh: d6 hip thu, phan b, chuyén héa, dao
thai va doc tinh ctiia phan tir trong tinh kha thi trd
thanh thudc. Cac két qua dugc thé hién trong
Bang 3.
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Bang 3. Két qua phan tich ADMET

Fluprofylli | Spirofyl | RS

ne line 504393 TNP GNF-5

Quercetin | Galangin | Quisinostat

Hap thy

Do tan
trong nudc
(log
mol/L)

-2.925 -3.335 -2.978 -2.635 -2.539 | -3.9 -2.932 -3.507

Tinh thdm
mang
Caco2 (log
Papp in 10
cm/s)
(cao :>0.9)

-0.229 0.999 0.525 1.535 1.041 | 0.614 -0.373 | 0.012

Hap thu ¢

A 0
Eiggg/g): 77207 | 93985 | (4622 98.182 76101 | 89.121 | 80.478 | 87.235

kém)

Phan b6

Thé tich
phan b
VDss
(Nguoi) 1.559 0.816 1.132 0.748 0.933 1.319 0.907 | 0.13
(log L/kg)

(thap
<0.71;
cao>2.81)

Thim
mang mau
nao -0.818
(Khéng -1.098 -0.748 -1.353 -1.236 | -0.346 -1.405 | -1.21
thAm: <-1;
thdm:
> 0.3)

Thim qua
hé than

kinh trung
uong CNS | -3.065 -2.068 -2.812 -2.939 -3.487 | -1.736 -2.353 | -2.674
(Khéng

thim: <-3;
thim: >-2)
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Chuyén hoa

Co chit
CYP2D6

Co chét
CYP3A4

Khoéng Khéng Khéng

Uc ché
CYP2D6

Khéng

Khéng | Co Khéng | Khéng

Khoéng Khéng Co

Uc ché
CYP3A4

Khéng

Khéng | Co Co Co

Thanh thai

Thanh thai
toan phan
(log
ml/min/kg)

0.407 0.256 0.726

0.494

0.436 | 0.791 0.568 | 0.026

Poe tinh

Khoéng
Poe tinh

AMES

Cé

Co Khoéng Co Khoéng

Do tinh o

gan

Cé

Céo Céo Céo Co

Nhin chung ca 8 hop chat déu c6 tinh kha thi
nghién ctru sau hon trd thanh thuc. Kha ning
hap thu ctia cac hop chat duoc phan tich dwa vao
cac thong s vé tinh thdm Caco2, thAm qua da va
kha niang hip thu & rudt (ngudi). Mot hop chit
c6 tinh thAm qua mang Caco2 cao khi gia tri 16n
hon 0,9. Tuy nhién, tir bang 3, ¢6 thé nhan thy
Quercetin va TNP khéng c6 tinh thdm ddi voi
Caco2. H¢ cytochrome P450 la hé enzym quan
trong trong qua trinh chuyén hoa thudc ¢ gan.
Hai kiéu hinh chinh cta cytochrome P450 la
CYP3A4 va CYP2D6. V& chuyén hoa,
Quisinostat va Spirofylline déu 1a co chét ciia
CYP3A4 va khong trc ché CYP3A4 va CYP2D6
do d6 chung c6 thé bi chuyén hoa & gan, trong

khi RS 504393 vira tic ché ca CYP3A4 va
CYP2D6. Cung vé6i do, RS 504393 ciing c6 thé
xuyén thdm qua hé théng than kinh trung uong.
Thai trir thudc qua than phu thudc vao khoi
lwong phén tir va tinh wa nudc ctia hop chit. Ca
8 hop chét trén déu c6 kha ning thai trir qua than.
Cubi cung, 4 hop chat Spirofylline, RS 504393,
TNP, GNF-5 thé hién doc tinh, voi khong chi
gan, ma con ¢ nguy co gy ung thu (chi s6 doc
tinh AMES duong tinh) [27]; do d6 can phéan
tich ky cang cac hop chat nay trudc khi dua
vao su dung.

Tuong tac gitra tm phan tir trén vai enzym
SARS-COV-2S dugc trinh bay bang phin mém
Discovery Studio Visualizer 4.0 & Hinh 3.
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5) Spirofylline

6) RS504393
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7) TNP

.....

8) GNF-5

Hinh 3. Su twong tac cta 8 phén tir: Quercetin, Galangin, Quisinostat, Fluprofylline, Spirofylline, RS 504393,
TNP, GNF-5 voi ACE2.

So sanh sy tuong tac cua ca 8 phan tu véi
MLN4760, ta c6 thé thiy rang cac lién két cua
céc phan tr déu c6 sy tuong dong véi MLN-
4760. Piéu nay duoc thé hién qua su lién két cua
chiung v6i mot s6 amino acid quan trong nhur
ARG273, HIS345, HIS374, TYR510, THR371
dic biét 1a lién két pi-alkyl PRO346. Ngoai ra,
ca 8 hop chét con lién két v6i nhidu amino acid
khac nhu ARG514, GLU375. Trong cac hop
chat d6, Spirofylline 1a hop chét tong hop, co tac
dung gay gian phe quan, dang dugc nghlen ctru
sir dung lam thudc tri hen suyen va viém phé
quan c6 nang luong lién két thip nhat (-11.3
kcal/mol) so v6i cac hop chét khac, c6 thé giai
thich do Spirofylline chira nhiéu cdu trac vong
va chira nhiéu nguyén tir Oxi va Nito tao ra nhiéu
lién két hydro hon so véi cac hop chat khac.
Chung t6i nhan thdy ring cong thirc hop chit
chira vong benzen va nhom hydroxy rit quan
trong tuong tac voi protein.

4. Két luan

Cic hop chit Quercetin, Galangin,
Quisinostat, Fluprofylline, Spirofylline, RS
504393, TNP va GNF-5 14 8 chat c6 kha ning trc
ché cao nhét hon ca MLN-4760 va thoa mén cac
titu chi chon loc Lipinski, ADMET va
Spirofylline hop chat c6 kha nang irng manh nhét
va c6 tiém ning trong dleu tri bénh Covid-19
nhung dong thoi c6 mot ) han ché, tac dung phu

vé mit doc tinh nhu nguy co gay ung thu va anh
huéng chie nang gan. Do d6, can tién hanh thém
céc nghién ciru sau hon dé phat trién cac hop chat
nay thanh thudc diéu tri bénh Covid-19.
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