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TOM TAT

Cac dan xudt phenylpropene gom chavicol acetate (A1), eugenol (A2), trans-
isoeugenol (A3) va eugenol acetate (Ad) dugc nghién ctru bang moé phong 1ap ghép
phén t véi viéc tic ché thu thé ACE2 va protein gai stng (spike protein) (6VSB)
ctia SARS-CoV-2. K&t qua md phong chi ra rang protein ACE2 dugc e ché bao vé
kha nang tic ché theo thit tw A1 > A3 > A4 > A2. So sanh véi kha nang tc ché
protein 6SVB nhan thay thtt tu vé kha nang tic ché thay doi theo day A1 > A4 > A3
> A2. Gia tri d6 léch binh phuwong trung binh gbc (RMSD) trong cac phtc hop
nghién < 2A khéng dinh tiém ning tc ché. Kha ning tic ché duoc giai thich dua
vao su khép hinh hoc giita cdc thanh phan tham gia. Cac dan xudt cta
phenylpropene duoc dé xudt 1a cac hop chat tw nhién tiém nang trong viéc hd tro

qua trinh tim kiém cac duoc chat trong nghién cttu ttc ché€ SARS-CoV-2.

Tt khéa: M6 phong 1dp ghép phéan ti, thu thé cha ACE2, spike glycoprotein
(6VSB), phenylpropenes.

1. MO PAU

Hop chat thién nhién luén 1a nguén dwoc chat quan trong trong qua trinh tim
kiém thuSc méi diéu tri bénh ndi chung va thudc khang virus gay viém duwong ho hap
cdp ndi riéng. Hién nay, nhiéu hudng nghién ctru tiép can véi kho tang cac hop chat
phan lap tr cdy co d€ tim ra cac hgp chéat cd hoat tinh ting dung trong linh vuc duoc
phdm véi hai hudng nghién cttu dugc thuc hién phé bién la: (1) thyce hién sang loc ao
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cac hop chat thién nhién da xac dinh dé€ tim ra cac chdt c6 kha nang trc ché cac protein
xuat hién trong cac qua trinh gay bénh; (2) khai thac cac thong tin tir cac nguon y hoc
0 truyén va tim ra cac cay thudc tiém nang, tir d6 tim kiém va sang loc cac hop chat co
kha nang ttng dung trong chita bénh.

Phenylpropene va cac dan xuét 1a nhém cac hop chat chita vong benzen va
nhom propenyl da va dang nhan dugc sy quan tam ctia cadc nha khoa hoc [1]. Day la
nhom hop chat dong vai tro la thanh phan chinh tao nén huong thom cta cac loai gia
vi va thao moc phd bién nhu dinh huwong (Syzygium aromaticum), hung qué (Foeniculum
vulgare), hung qué ngot (Ocimum basilicum), thi la (Foeniculum vulgare) [2, 3]. Nhiéu
nghién ctru chi ra rdng cdc hop chat phenylpropen c6 nhiéu hoat tinh sinh hoc nhuw
khang khudn, khang ndm [4], khang oxi hoa [5], khang viém [6] va tic ché virus [7]. Vi
du nhu trong thanh phan tinh dau cay hung qué ngot (O. basilicum) c¢6 thanh phan
chinh 14 cac hop chét cta phenylpropene nhu eugenol, chavicol va cac dan xuét cta
chting (chiém 70-90%) va ¢ cac nghién cttu chi ra rang cac hop chat nay ¢ nhiéu hoat
tinh sinh hoc nhw khang nadm, khéang khuan, khang viém [8, 9]. Mt khac, cac hgp chat
chavicol acetate, eugenol, trans-isoeugenol va eugenol acetate hién nay da va dang
duoc tng dung trong viéc bao quan thuc pham, tao mui hwong [8, 10]. Do d6, day la
mot trong nhitng nguén duoc liéu tiém ning trong viéc nghién ctru va phat trién
nguon dug liéu d€ tién téi ting dung vao linh viee cham séc sttc khoe con nguoi.

Coronavirus la mt nhédm cac virus thudc hg Coronavirinae va thwong gay ra
mot s6 bénh cum & nguoi nhw hoi chiing hd hap cip tinh ndng (SARS) ndm 2003, hoi
chiing ho hap Trung Dong (MERS) nam 2012 va gan day nhat 1a hoi chiing ho hap cap
tinh nang 2 (SARS-CoV-2) nam 2019 [11]. Trong hai nam tro lai day, dai dich SARS-
CoV-2 da gay ra hang triéu ca t vong trén toan thé gidi [12, 13] va gay ra nhitng hau
qua suy thoai kinh té toan cau 16n nhat trong lich s, véi mot phan ba dan s6 thé gioi
vao thoi diém d6 bi phong toa. Vi vay nhu cau tim ra cac hop chat méi c6 kha nang
ngan ngura coronavirus nhan duoc nhiéu sw quan tam ctia cac nha khoa hoc trong va
ngoai nudc boi bén canh thudc déc tri hay vaccine ngtra SARS-CoV-2 thi viéc phong
bénh va tim kiém dwgc chét trong diéu ché thudc maoi van la chu dé thoi su.

Su lay nhiém virus SARS-CoV-2 dua trén sy tuong tac gitta virus va vat chu
dua trén su twong tac gitta cac protein. Protein tht nhat la thu thé ACE2 (angiotensin-
coverting enzyme 2) c6 trong co thé nguoi va la mot glycoprotein mang va thu thé nay
dugc tim thdy nhiéu ¢ cac mo6 ngoai nhu phoi, mach mau, co tim, 6ng tiéu hoa [14].
Thu thé ACE2 (angiotensin-coverting enzyme 2) la diém bam gitip cho qua trinh xam
nhap va gay bénh cua virus SARS-CoV-2 vao t€ bao nguoi [15]. Do dd, néu protein
ACE2 bi trc ch€ tam thoi thi cac t& bao sé duoc bao vé tam thoi khoi su lay nhiém ctia
SARS-CoV-2. Co sd dit liéu cdu trac cua ACE2 (DOI: 10.2210/ pdbACE2/pdb) ¢ thé
dwgc 1dy tir ngudn UniProtKB (hinh 1a) [16]. Ngoai ra, SARS-CoV-2 st dung spike
glycoprotein 6SVB c6 vai tro trong viéc gan két gitta virus véi cac t& bao ctia vat chu
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[17-19]. Vi vay néu spike glycoprotein 6SVB bi ttc ch€ thi sé ngan can duwoc qua trinh
xam nhap cta virus SARS-CoV-2 vao cac t€ bao. Két qua la giam thiéu duoc qua trinh
lay lan virus dén hé théng mién dich ctia con ngudi va c6 thoi gian dé tao ra du luong
khang thé chong lai virus. Co so d@t liéu cdu trac caa 6VSB (DOLI:
10.2210/pdb6VSB/pdb) cua SARS-CoV-2 (hinh 1b) tham khao tir ngan hang dir liéu
protein (Protein Data Bank) [20].

Dua vao nhitng phan tich ¢ trén, trong nghién cttu nay, ching t6i sit dung
phuong phap 13p ghép phéan t&t (docking) dé¢ du doan ning lwong lap ghép va su
twong tac gitra cac hop chédt nghién ctu chavicol acetate (A1), eugenol (A2), trans-
isoeugenol (A3) va eugenol acetate (A4) (Hinh 2) v6i hai protein gom thu thé ACE2
trong co thé nguoi va spike glycoprotein cua virus SARS-CoV-2 théng qua phan mém
MOE 2015.10. C4c vi tri tiép can ctia cac dan xuat phenylpropene véi hai protein ACE2
va 6VSB duoc khao sat va sang loc tir d6 tim ra dwgc vi tri thudn lgi nhat cho qua trinh
tec ché. Ttr d6 tién hanh mé phong va danh gia cac qua trinh tic ché€ thong qua céc gia
tri nang lwong docking (DS) va d¢ léch binh phuong trung binh gdc (RMSD) cling nhw
cac twong tac khac nhu lién két hydro, lién két cation-rt, -7t va twong tac ion, lién két
va tong tac van der Waals gitta cdc dan xuat phenylpropens véi hai loai protein ACE2
va 6VSB.

Thu thé chu (Angiotensin- Spike protein 6VSB cua
Converting Enzyme 2)-ACE2 SARS-CoV-2

Hinh 1. (a) Thu thé cht Angiotensin-converting enzyme 2 (UniProtKB-Q9BYF1), (b) SARS-CoV-
2 spike glycoprotein 6VSB (DOI: 10.2210/pdb6VSB/pdb).
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A1 (Chavicol acetate) A2 (Eugenol)
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l
3 (trans-Isoeugenol) A4 (Eugenol acetate)

Hinh 2. C4u tric cta cac dan xuat phenylpropenes nghién ctru: A1, A2, A3, Ad.

2. PHUONG PHAP NGHIEN CcUU

St dung phuong phap lap ghép phan ti (docking) d€ du doan nang luong lap
ghép va tuong tac gitta hop chat (ligand) véi enzyme/protein cta virus, vi khuan tie d6
dé nghi co ché tic ché virus, vi khudn ctia nghién ctru. Cac budc tién hanh mé hinh hoéa
lap ghép phan tir gdm 5 burdc thong qua phan mém MOE 2015.10 [21-24]:

Buéc 1. Lya chon va chudn bi cdu triic muc tiéu tdc dong
- Lwta chon protein.

- Xac dinh vi tri gan két thong qua ving tic dong cua protein, dwoc xac dinh
dwa trén vi tri ligand (ban kinh 4,5 A) va s hién dién cdc amino acid quan trong cua
protein. Cac phan t&r nwdc duoc loai bd va cdu dang cac amino acid dwoc kiém tra
truedce khi tai lap vung tac dong cta protein.

Buéc 2. Chudn bi cdu triic phin ti hop chat (ligand)

- Xay dung ciu tric 2D (c&u tric phang) cia cdc phan ti hop chat dugc vé
chuyén ddi te dong sang cdu tric hoéa hoc 3D (cau tric khong gian ba chiéu) bang
phan mém ChemBioOffice 2018.

- T6i wu héa ning lwong cau tric phan ti 3D ctia hop chat nghién cttu bing
phan mém SYBYL-X 1.1 d€ thiét lap lai cau dang ctia chdt nghién cttu, st dung phuong
phap Conj Grad (gradient lién hop), lua chon diém dung la thay déi nang lugng nho
hon 0,001 kcal.mol”, dién tich tirng phan Gasteiger — Huckel, s6 budc ldp lai t6i da
10.000 budc. Tinh dong lwc hoc phan tir véi nguyén tac gia nhiét mo phong (Simulated
Annealing) trong phan mém Sybyl-X 1.1 d€ thu duoc cau dang c6 nang lugng toan
phéan thap nhat. Cdu tric phan ti duoc gia nhiét ¢ nhiét d6 cao (700 K) trong mot thoi
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gian nhat dinh (1000 pico gidy) d€ phan tt tai sap x&p lai trang thai hién tai ca né, sau
d6 dugc lam lanh dén 200 K trong mét khoang thoi gian khac (1000 pico gidy) vé trang
thai on dinh d€ dwa ra cau dang cudi cung. Chuwong trinh tu dong lap lai 5 [an d€ tim ra
nhiéu cau dang khéac nhau can thiét, sau d6 t6i uu hdéa nang lwong lai d€ xac dinh nang
luong khong gian (steric) nham dua ra cic cdu dang bén hon cdu dang ban dau véi su
khac biét vé nang luong.

Buéc 3. M6 hinh tdi ldp ghép phan tir (Re-docking)

Lap ghép lai cau tric ligand dong két tinh trong protein, nham muc dich danh
gia tinh phi1 hop ctia cac thong s6 lap ghép. Qua trinh nay duoc tién hanh véi 3 cdu
dang ligand nhu sau:

(1)- Tach ligand tir phtic chdt hop dong két tinh trong protein.
(2)- Tach ligand tr phttc hop dong két tinh.

(3)- Chuan bi phan ti ligand hoan toan mdi véi cau trac bén, nang luong tdi uu
va dong luc hoc phan tt.

bénh gia thong s6 RMSD (Root-mean-square deviation), cho biét mirc d6 sai
1éch ctia cdc cdu dang ligand sau lap ghép so véi cdu dang cé sdn trong cau trtc tinh
thé, va so sanh cac twong tac ligand co trong ciu truc tinh thé va twong tac tao ra sau
khi 14p ghép. Két qua mo phong lip ghép thuc sy dang tin cay khi gid trf RMSD <2,0 A
va cac teong tac gitta cac ligand voi protein ban dau khac nhau khong dang keé.

Budc 4. Lap ghép phan tir vao muc tiéu tdc dong

- Lap ghép phan t&t nghién cttu trong co so dit liéu da chudn bi. Tién hanh quy
trinh 1ap ghép bang phan mém MOE 2015.10 véi cac tly chon nhu sau: phwong phép
dat cAc manh ligand vao tai gin két 1a phép thiét 1ap phit hop véi cdu tric 3D; s6 két
qua t&i da cho mdi buede 1ap 1a 1000, s6 két qua ti da cho mdi sy phan manh ligand 1a
200; gitt lai mot sO cdu dang tot nhat cua mdi phan t hop chét trong phtec hop (ligand-
protein) gan két dé tiép tuc phan tich tuwong tac. CAu dang tSt véi diém s6 1ap ghép
thap nhat (Score — kcal.mol), diém sd nay la tong nang luong tiéu thu cho sy hinh
thanh c4c twong tac gan két gifta phan t& nghién ctru véi muc tiéu tdc dong (protein).

Budc 5. Phén tich két qua ldp ghép phan tir vao muc tiéu tic dong

- Danh gia kha nang tc ché protein ctia hop chat nghién ctru thong qua viéc
danh gid diém s6 lap ghép va tuong tac ligand-protein gom:

+ Nang leong lap ghép phan tir DS (kcal.mol?), tham s& d6 léch binh
phuong trung binh gdc (RMSD).

+ Phan tich tuwong tac gitta phan t hop chat voi muc tiéu tac dong va
biéu dién twong tac trén mat phang 2D, 3D thoéng qua céc lién két hydrogen, twong tac
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n-m, twong tac ion, tong tac cation-n. Cac twong tac bé mat van der Waals dwoc phat
hién boi sy tiép xtic cac bé mét than trude, ky nude gitta phan tir hop chat va diém gan
két (cac amino acid cua protein).

3. KET QUA VA THAO LUAN

C4u truc bac hai cua hai protein muc tiéu (ACE2 va 6VSB) voi cac vi tri ti€p can
(hdc) ctia chung boi cdc hop chat A1, A2, A3, A4 duoc trinh bay ¢ Hinh 3 va chi ra rang
c6 4 vi tri tiép can twong ting véi cadc mau sac khac nhau: vi tri 1 (mau vang), vi tri 2
(mau xanh luc lam), vi tri 3 (mau xanh 14 cay) va vi tri 4 (mau xanh da troi). Ngoai ra,
kha nang trc ché€ ctia cac hop chat A1, A2, A3, A4 vdi cac vi tri ti€p can cta hai protein
muc tiéu duoc danh gia thong qua néng luwgng docking DS (kcal.mol?) va s6 tuong tac
(ligand-protein). Két qua sang loc vé kha nang trc ché ctia cac hop chat nay tai cac vi tri
tiép can khac nhau duoc trinh bay trong Bang 1 va cac dan xuat ctia phenylpropene sé
tre ché tot hai protein tai cac vi tri ma tai dé c6 nang lwong docking thap véi s6 luong
twong tac 16n. Trong treong hop e ché bao vé protein ACE2, vi tri s6 1 la vi tri thuén
loi nhat cho viéc g:fm cac hop chat A1, A2, A3, A4 vao protein véi nang luong docking
ttr -10,5 dén -11,9 kcal.mol™ va s6 lwgng twong tac gitta cac chat nghién ctu va protein
16n nhat trong 4 vi tri tiép can. D&i vdi spike protein 6VSB, Chavicol acetate (A1) va
Eugenol actetate (A4) khi tién hanh ti€p can tai vi tri 3 nhan duoc nang luong docking
thap nhét véi -11,2 kcal.mol™ va -10,9 kcal.mol™ s twong tac v6i protein 6VSB 16n nhat
(3 twong tac). Trong khi, vi tri 2 thuan 1oi cho viéc hop chédt Eugenol (A2) Gc ché
protein 6VSB (Eps=-10,1 kcal.mol!, N=2) va trans-isoeugenol (A3) ttc ch€ protein 6VSB
thich hop nhét tai vi trf s6 4 véi nang lwong docking 1a -10,6 kcal.mol! bang 2 tuong
tac. Tir d6 sé sang loc va xac dinh duoc vi tri ti€p can tiém nang cho viéc trc ché protein
ACE2 va 6VSB bang cdc dan xuat ciia phenylpropene (A1, A2, A3, Ad).
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Site 1 Site 2 Site3 Site4

Hinh 3. C4u trtc cta hai protein (a) ACE2 va (b) 6VSB voi cac vi tri ti€p can (hdc) cua chung boi
cac dan xudt cua phenylpropene duoc khao sat: vi tri 1 (mau vang), vi tri 2 (mau xanh luc lam),

vi tri 3 (mau xanh la cdy) va vi tri 4 (mau xanh da troi).

Bdng 1. Sang loc két qua vé kha nang ttc ché ctia cac dan xuat phenylpropene ddi véi cac vi tri
tiém nang trén protein ACE2 va 6VSB.
Protein ACE2 Protein 6VSB
Hop chat Vitril Vitri2 Vitri3 Vitri4 Vitril Vitri2 Vitri3 Vitri4d
E N E N E N E N E N E N E N E N
Al -119 4 -10.6 3 96 2 -88 2 -101 2 -103 2 -112 3 93 2
A2 -105 2 95 1 85 1 -79 1 92 2 -101 2 -86 1 -81 1
A3 -109 2 97 2 91 1 83 1 -88 2 94 1 -91 1 -106 2
A4 -106 2 96 1 86 1 -81 2 92 1 -98 2 -109 3 -89 1
E: nang luong docking DS (kcal-mol)
N: s0 tuong tac

Kha nang trc ché hai protein ACE2 va 6VSB cua cac hgp chat (A1, A2, A3, A4)
da duoc nghién ctru bang phirong phdp md phong lap ghép phan i va hinh anh mo
phong 2D-3D qua trinh tic ché€ d6i vdi hai protein duoc trinh bay lan luot trong Hinh 4
va Hinh 5. Ngoai ra cac két qua vé thong s6 qua trinh docking nhu nang luwong docking
(DS), chi s6 RMSD, tuong tac van der Waals, lién két hidro duoc trinh bay trong Bang 2
va Bang 3 c6 thé két luan duoc hiéu qua e ché ctia cac hop chédt A1, A2, A3, A4 1én hai
protein ACE2 va 6SVB. Két qua nghién cttu md phong docking ctia cic dan xuat
phenylpropene véi hai protein ACE2 va 6VSB chi ra rang tat ca cac gia tri d6 1éch binh
phuong trung binh g6c (RMSD) déu nhé hon 2A trong tat ca cic chat nén két qua
docking dang tin cay [25].
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Hinh 4. M6 phong truc quan 2D-3D tic ché bao vé thu thé chit ACE2 thong qua twong tac gitra
dan xudt ctia phenylpropene va amino acid ctia protein: (a) [A1-ACE2], (b) [A2-ACE2], (c) [A3-
ACE?], (d) [A4-ACE2].

(a)®

®

. ® /
i 8 9 \ 9
8@ o P
[A1-6VSB] [A2-6VSB] [A3-6VSB] @ [A4-6VSB]

Hinh 5. M6 phong truc quan 2D-3D te ché spike protein 6VSB ctia SARS-CoV-2 théng qua
tuong tac gitta dan xuat ctia phenylpropene va amino acid cua protein: (a) [A1-6SVB], (b) [A2-
6VSB], [A3-6VSB], (d) [A4-6VSB].
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Bdng 2. K&t qua md phong 1ap ghép phan ti véi nang lwong DS, chi s§ RMSD, va tuong tac van
der Waals (VDW) giita cac dan xudt ctia véi cac amino acids ctia protein ACE2 ctia thy thé chu
va protein 6VSB ctia SARS-CoV-2.

Ky hiéu

Hop o DS RMSD Tuwong tac VDW voi cdc amino acid cia
. (Hop chat- o h
chat . (kcal-mol?) (A) protein
protein)
Hop chat-ACE2
GluA762, AsnA759, ArgA758, SerB1003,
Al TAL-ACE2] 119 081 " proB710, LeuB1006, MetB709
AsnA1005, GluB999, SerB1003,
A2 [A2-ACE2] 105 131 LeuB1006, AlaB1002, ArgA758, LysB929
GluB999, ArgB996, ArgA1001, GluA755,
A A3-ACE2 -10. 2
3 [A3-ACE2] 09 0-26 GInB936, LysB929
ProB710, GluB999, ArgB996, GlyA715,
Ad [A4-ACE2] -10.6 077 GInB936, GluA755, AspB932
Hop chat-6VSB
Al [A1-6SVB] 112 110 AspB1118, AsnB914, ThrB912,

GluB1111, GInB1113, GInB1106

ArgA1014, GluA1017, NleB770,
A2 [A2-6VSB] -10.1 1.25 ArgB1019, GlyB769, AlaB1015,
AlaB1016, IleA1012, GInA954, LeuB1012

TyrA396, AsnA394, ProB230, ArgA357,

A A3-6VSB -10.6 1.64
3 [A3-6VSB] 0 TyrB170, AspB228
11eB909, LysB1038, ThrA887, TyrB1047,
A4  [A4-6VSB -10. :
[A4-6VSB] 0.9 085 1yrA904, ArgB1107

Bing 3. Cac thong s8 trong tuong tac thong qua mo phong ldp ghép phén ti gitta cic dan xuét
ctia phenylpropene A1, A2, A3, A4 véi ACE2 va 65VB.

Ky hiéu e Khoang cach Nang Lién
~ Phoi . , . e
(Hop chat- \ Protein Tuwong tac twong tac luwgng ket
protein) (A) (kcal'mol') hydro
Hop chit-ACE2
O N  ArgA1001 H-acceptor 3.00 -3.1
O N  ArgB1001 H- t 2.7 -1.4
A1-ACE2 rgB100 acceptor 8 4
O N  AsnA1005 H-acceptor 2.83 -1.4
6-ring N  LysB929 I1-cation 4.39 -0.7
O O - . -3.
A2-ACE2 : GluA762 H-donor 2.49 3.7 )
6-ring N  ArgA1001 IT-cation 3.59 -0.7
O O - -
A3-ACE2 : AspB932 H-donor 3.06 3.6 )
6-ring N  ArgA758 IT-cation 3.79 -0.8
ALACED O N  ArgA758 H-acceptor 3.05 2.1 5
O N  ArgA1001 H-acceptor 3.23 -1.7
Hop chit-6VSB
A1-6VSB @) N ArgA1091 H-acceptor 3.04 -3.2 3
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O N ArgB1091 H-acceptor 3.29 -1.2
6-ring C PheAll21 IT-H 3.69 -0.6

A2-6VSB O O GIuA773 H-donor 3.14 -0.8 5
O GluB773 H-donor 2.90 -0.8

A3-6VSB O O LeuB226 H-donor 3.03 -0.8 5
6-ring C ValB227 IT-H 4.00 -0.9
O N TrpA886 H-acceptor 2.72 -1.1

A4-6VSB  6-ring C GlyB910 IT-H 4.48 -0.6 3

6-ring N AsnB1108 IT-H 3.47 -1.0

Két qua mo phong qud trinh docking cac hop chat A1, A2, A3, A4 lén protein
ACE2 nhan thay rang hop chat Al c6 nang lwong docking thdp nhat -11,9 kcal.mol-.
Ngoai ra, hop chat A1 dwoc gan vao protein ACE2 t&t thong qua viéc thé hién tuong
téc gitta A1 vSi cac amino acid ctia protein bang 7 lién két van der Waals va 4 lién két
hidro cua H-acceptor va m-cation trong dé -O- va vong 6 canh cua hop chat Al sé tao ra
tuong tac véi -N- ctia cac amino acid ArgA1001 (3,00 A), ArgB1001 (2,78 A), AsnA1005
(2,83 A) va LysB929 (4,39 A). Mit khac, gia tri DS ctia hop chit A2 khi tic ché protein
ACE2 14 cao nhat -10,5 kcal.mol! va RMSD 14 1,31 A nén c6 thé du doan réng kha nang
tec ché protein ctia hop chat A2 la yéu nhat.

So sanh sy trc ché protein 6VSB véi cac hop chat A1, A2, A3, A4, két qua chi ra
ra rang cac hop chit nay twong tic véi protein 6VSB bang cac phdi tix -O- va vong 6
canh véi cac loai twong tac H-acceptor, n-H, H-donor. Xu hudng vé kha nang tic ché
protein 6VSB tuong tu protein ACE2. Trong d6 hop chat Al tc ché manh d6i véi
protein 6VSB vdi gia tri DS la -11.2 kcal.mol! thong qua 6 tuong tac van der Waals va 3
lién két hidro géom cac twong tac H-acceptor va n-H va khi tuong tac v6i protein 6VSB
thi cac phdi tit chinh van la -O- va vong 6 canh tuong tac vé6i -N-, -C- ctia cac amino
acid ArgA1091 (3,04 A), ArgB1091 (3,29 A) va PheA1121 (3,69 A). Hop chat A2 ciing la
chat c6 kha nang tec ché protein 6VSB thap nhat voi DS la -10,1 kcal.mol” v6i 10 treong
tac van der Waals va 6 lién két hidro. Tuy nhién trong treong hop nay hop chat A4
cling twong tadc manh véi protein 6VSB mac du gia tri DS 1a -10,1 kcal.mol! nhung s&
luong lién két hidro lai béng véi hop chdt A1 1a 3 lién két hidro nén cling duoc danh
gia 1a hop chat tiém nang trong viéc tic ché€ protein 6VSB.

Khi so sanh vé ciu tao cua cac hop chdt A1, A2, A3, A4 nhan thay ¢ méi lién
hé v6i kha nang tic ché€ 2 protein ACE2 va 6VSB. Cac hop chat A1, A2, A3, A4 déu co
diém chung la cac dan xuat ctia phenylpropene va mat do dién ti sé tap trung cht yéu
trong vong thom va cac nhom chtra oxi nén trong ca hai truong hop tec ché thi cac phoi
ti cht yéu la nhém -O- va vong thom. Ngoai ra, kich thudc va hinh dang phan ti cua
cac hop chdt A1, A2, A3, A4 (Hinh 2) cling anh huong dén qua trinh tic ché 2 protein
ACE2 va 6VSB. Trong ca hai treong hop thi hgp chdt A1 c6 kha nang trc ché tot nhat va
diéu nay c¢ thé giai thich do trong hop chat A1 c6 chita nhdm acetate va hinh dang cta
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hop chat A1 phu hgp véi vi tri tiép can s0 2 (mau vang) (Hinh 3) nén thuan loi cho viéc
twong tac voi cac amino acid nén quad trinh e ch€ dat hiéu qua cao. Mdt khac déi voi
hop chét A2 thi médc du ¢ ca hai nhdm methoxy va acetate nhung do kich thudc 16n
nén viéc tiép can cac hdc cua hai protein néi trén tré nén khé khan. Do d6, trong 4 dan
xuat ctia phenylpropene trong nghién cttu nay thi hop chdt A2 c6 kha néng tc ché 1a
thap nhat. Nhan thdy cac hgp chat nghién ctru déu c6 kha nang trc ché protein thu thé
ACE2 trong co thé nguoi va spike protein 6VSB cuia SARS-CoV-2 va déu duoc xem la
cac hop chat tu nhién tiém nang trong trc ché SARS-CoV-2.

4. KET LUAN

Nghién ctru ndy mé ra mot tiép cdn méi vé cac dan xudt phenylpropene déng
vai tro 1a chat e ché thu thé ACE2 va spike protein 6VSB cua virus SARS-CoV-2. Két
qua mo phong véi qua trinh ti€p can protein ACE2 thi vi tri 1 1a thuan loi nhat trong
khi d6i v6i protein 6VSB thi cac vi tri thuan lgi nhat sé thay doi doi vdi tiing hop chat
khac nhau. Gia tri d6 léch binh phuong trung binh géc (RMSD) ctia phéi ttr v6i protein
trong cac phic hop nghién cttu < 2A cho két qua docking dang tin cay. Két qua mo
phong khang dinh kha nang tic ché protein ACE2 cta thy thé va spike protein 6VSB
ctia SARS-CoV-2. Cac chit duoc sap xép theo chiéu giam dan kha nang tic ché véi
nang luong tic ché va sO tuwong tac voi cac amino acid cua cac protein ACE2 va 6VSB
[an lwgt nhw sau: (i) A1 > A3 > A4 > A2 va (ii) A1 > A4 > A3 > A2. Két qua nghién ctu
c6 y nghia trong viéc ho trg sang loc cac hgp chét thién nhién d€ phat trién thudc diéu
tri SARS-CoV-2.
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INHIBITABILITY OF PHENYLPROPENE DERIVATIVES TOWARDS HUMAN
PROTEIN ACE2 AND SARS-CoV-2 PROTEIN 6VSB BASED ON MOLECULAR
DOCKING SIMULATION

Bui Quang Thanh?!, Nguyen Vinh Phu?, Nguyen Hoai Bao!, Phan Tu Quy?, Tran Thi Ai My},
Nguyen Thi Thanh Hai'!, Nguyen Thi Ai Nhung*

Faculty of Chemistry, University of Sciences, Hue University
2Faculty of Basic Sciences, University of Medicine and Pharmacy, Hue University
SFaculty of Natural Science and Technology, Tay Nguyen University
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ABSTRACT

Inhibitory capability of phenylpropenes derivatives, including chavicol acetate
(A1), eugenol (A2), trams-isoeugenol (A3), eugenol acetat (A4) with high
potentiality for the treatment of SARS-CoV-2 disease, was examined on the host
receptor Angiotensin-converting enzyme 2 (ACE2) in human body and spike
glycoprotein (6VSB) using molecular docking simulation. Results indicate that
ACE2 protein is strongly inhibited by compounds investigated and the inhibitory
effectiveness is in the order A1 > A3 > A4 > A2 while the overall inhibitability of the
potential compounds with 6VSB protein follows the order A1 > A4 > A3 > A2. Their
biologically rigid conformation is given by the corresponding values of RMSD
registering under 2 A in any systems. The expected inhibition is explainable by
topographical complementarity between the inhibitory aducts. The studied
compounds are suggested as natural medication-assisted agents for selecting
potential pharmaceuticals supporting treatment against infection caused by SARS-
CoV-2.

Keywords: Molecular docking simulation, SARS-CoV-2, angiotensin-converting

enzyme 2 (ACE2), spike glycoprotein (6VSB), phenylpropenes.
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