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TOM TAT

Mot sd thudc chloroquine (D1), favipiravir (D2), hydroxychloroquine (D3),
penciclovir (D4) c6 hoat tinh khang nhiéu loai virus va c6 tiém nang ttc ché SARS-
CoV. Cac théng s8 hda hoc lugng tir dwoc khao sat bang phuong phap ly thuyét
phiém ham mét d6 (DFT). Kha nang trc ché protein ACE2 ctia thu thé chu va protein
6LU7 ctia SARS-CoV-2 dugc danh gid bang phuong phap moé phong docking phan
tt, kha nang twong thich sinh hoc duoc khang dinh thong qua cac thong s6 héa ly
tir hé thong QSARIS va quy tac Lipinski 5. Két qua tinh toan hda lwong tir cho thay
cac thudc nay thich hop cho qud trinh tuong tac gitta cac phan t véi cau trtc
protein. M6 phong docking phan tt chi ra protein ACE2 bi ttc ché€ manh boi cac
thudc khao sat va hiéu qua tic ché€ theo thit tw D2 > D3 > D1 > D4, trong khi kha nang
tec ché cta cac thudce voi protein 6LU7 theo thi tuw D1 >D3 > D2 > D4. Thudc D3 duoc
du doan 1a ¢6 hiéu qua e ché nhét doi vdi 2 protein (DSuung binh=-14,2 kcal.mol) va
¢6 kha nang tuong thich sinh hoc (Khdi luong phan tu: 336,8 amu; LogP: 3.89; Do
phan cuc: 38,7 A3). Vé mit ly thuyét, tat ca cac thudc déu cé tiém nang trong viéc

diéu tri SARS-CoV-2 va dugc khuyén khich thém cac thit nghiém lam sang lién quan.

Tw khoa: Ly thuyét phiém ham mat d6 (DFT), m6 phong docking phéan ti, enzyme
ACE?2, protein 6LU7.

1. MO PAU

Nam 2020 tinh trang khuing khoang toan cau vé bénh dich COVID-19 dién ra va
dang lay lan véi t6c d6 chong mat. COVID-19 1a can bénh déc trung boi viém duong ho
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hap cap tinh, bat nguén tir thanh phd Vi Han, tinh H6 Bac, Trung Qudc [1] do virus
SARS-CoV-2 gay ra. SARS-CoV-2 dugc danh gia 1a c6 kha nang lay nhiém nhanh va
manh hon SARS-CoV [2]. Bénh nhan nhiém virus SARS-CoV-2 biéu hién rat da dang vé
triéu ching, tir khong xuat hién triéu chiing dén suy da tang. Mot s6 triéu chitng biéu
hién twong tw ngudi bi nhiém tring duong hd hap khac nhuw s6t, ho khan, khé tho, dau
nhtic co, dau dau, viém hong, budn nodn, ... Mot s& bénh nhan mac COVID-19 ¢6 cac
bénh ly nén nhu dai thdo duong, tang huyét ap, cac bénh vé tim mach va suy ho hap
cting khién tinh trang bénh thém nghiém trong va gay tr vong nhanh [3].

Virus SARS-CoV-2 la loai virus c6 ARN so¢i don dwong tinh khong phan doan.
Chu trinh nhan 1én ctia virus bat dau véi s xam nhap cta virus vao co thé bang cach
gén vao thu thé enzym chuyén ddi angiotensin 2 (ACE2) trén bé mit t& bao chti thong
qua protein gai sttng (spike glycoprotein, S), theo sau la sy giai phdng bo gen ctia virus
vao t&€ bao vat chu [4]. ACE2 bao gobm 850 amino axit ¢6 chirc nang diéu hoa hoat dong
tim mach. Thu thé ACE2 xuat hién trong co thé nguoi va duoc tim thay nhiéu trong cac
mo ton tai trong phdi, mach mau, co tim va 6ng tiéu hda, déng vai tro quan trong ddi
v6i SARS-CoV-2 vi ACE2 gitip virus tdi cac té€ bao phé€ nang [5]. Do d6, néu protein ACE2
€6 thé bi trc ché tam thoi, cac t€ bao sé dugc bao vé tam thoi khoi s 1ay nhiém ctia SARS-
CoV-2. Co s¢ dir liéu cau truc cua ACE2 (Hinh 1.a) (DOI: 10.2210/pdbACE2/pdb) c6 thé
duoc tham chiéu ttr UniProtKB [6]. Protein PDB-6LUY la protease chinh ctia SARS-CoV-
2, hoat dong nhuir mdt enzyme cit protein phan giai polyprotein thanh cac phan chiic
nang. Do d6, néu PDB-6LU7 c6 thé bi tic ché, sy sao chép ctia SARS-CoV-2 ¢6 thé dugc
han ché, tam thoi lan truyén dé mién dich cta con nguoi tao ra mot lwong khang thé du
dap tng véi mam bénh. Phan ting mién dich cé thé'1a trung lap, dinh két hoéc thuc bao.
Cau trac cua PDB-6LU7 (Hinh 1.b) (DOI: 10.2210/pdb6LU7/pdb) ctia SARS-CoV-2 da
duoc ngan hang di liéu protein toan cau luu trix [7].

Angiotensin Converting Protein 6LU7 (main
Enzyme 2 - ACE2 protease) - SARS-CoV-2

(a) (b)

Hinh 1. (a) Thu thé chu Angiotensin-converting enzyme 2 (UniProtKB-Q9BYF1), (b) protein
6LU7 ctia SARS-CoV-2 (DOI: 10.2210/pdb6LU7/pdb).
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Bén canh vaccine thi thudc ddc tri ttr thudc cti tri cac bénh truyén nhiém mdéi van
la chu dé thoi sw. Pa c6 hang tram loai thudc dwgc ap dung trong phéac d6 diéu tri cac
bénh vé duong ho hap cap tinh, tham chi 1a diéu tri cdc bénh truyén nhiém. Mt s8 loai
thu6c khang virus da duoc st dung trong diéu tri HIV, viém gan, s6t rét, lao phdi, cim
mua [8-10], ... duoc dé nghi thr nghiém trong diéu tri SAR-CoV-2 nhu remdesivir;
ribavirin; baloxavir marboxil; baricitinib; chloroquine; darunavir; galidesivir; lopinavir
[9-12]; ... da va dang duoc skt dung trong diéu tri cho bénh nhan méc COVID-19 & mot
s0 nudc trén thé gidi. Vi du nhu thudc chloroquine hay thudc hydroxycloroquine c6 tac
dung trong viéc diéu tri bénh sot rét [8, 9, 11, 13]. Thudc favipiravir hoat ddng chong lai
cac virus cam, virus West Nile virus bénh 16 mém long méng hoac thude penciclovir
déng vai tro la thudc khang virus dwoc tng dung diéu tri cdc bénh nhiém tring
herpesvirus khac nhau [14, 15].
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Hinh 2. C4u truc cua cac thudce tiém nang: D1, D2, D3, D4.

Phuong phap tinh toan hoéa hoc luong t va docking phan tir d€ nghién ctu cac
tinh chat héa ly, hoat tinh sinh hoc ctia cac loai thudc tiém nang va st dung véi muc dich
dinh hudng thiee nghiém. Quy trinh sang loc, tim kiém cac thudc tiém nang c6 kha nang
khéang virus khong thé bo qua ting dung cong nghé may tinh dé sang loc tir co so dir liéu
nham dinh huéng tim kiém cac loai thudc tiém nang. Hién nay, viéc dé khang khang
sinh dién ra kha pho bién, chién luoc ctia cac phac d6 diéu tri cua thudc tan duoc la nang
liéu, phoi hgp thudc va doi sang thudc méi d€ tranh hién tuwong dé khang khang sinh.
Str dung cac thudc cti trong diéu tri bénh viém duong ho hdp cap ndi chung va tri bénh
COVID-19 van la phuong an duoc gidi y hoc thuec hién [6].

Trong nghién ctru nay, mot s0 thudc tiém nang (Hinh 2) duoc lwa chon dé khao
sat kha nang tc ché enzyme ACE2 va protein 6LU7, cac thong s6 luong tir duwgc tinh
toan st dung phuong phép ly thuyét phiém ham mat d6 (DFT). Tt d6 tién hanh mo

37



Ddnh gid hoat tinh iec ché’enzyme ACE2 (thu thé chu) va protein 6LU7 (SARS-CoV-2) ...

phong va danh gia cac qua trinh tic ch€ thong qua cac gia tri nang leong docking (DS)
va d¢ léch binh phwong trung binh gdc (RMSD) cling nhu cac tuwong tac khac nhu lién
két hydro, lién két cation-m, 7-mt va twong tac ion, lién két va tuong tac van der Waals
gitta cac thudc D1-D4 véi hai protein ACE2 va 6LU7.

2. PHUONG PHAP NGHIEN CUU
2.1. C4u trtic t8i wu va tinh chat dic trung ctia cic thudc theo tinh toan héa luwgng tir

C4u trtic hinh hoc phéan tir cuia cac thude khao sat dwoc t6i wu hda st dung phan
mém Gaussian 09 vdi doi xing C1 (khong d6i xung) [16] & muc ly thuyét M052X/6-
311++G(d,p) [17, 18]. Cac tan sd dao dong duoc tinh toan dé khr?mg dinh c4c ciu trac tinh
toan duogc nam trén cuee ti€u ctia mit ndng lwong thé nang (potential energy surface -
PES). Cac diém nang luwong trong cau truc hinh hoc da t6i wu dwgc tinh toan gan ding
véi gia thuyét cac electron dwdi 16p 2 vo hda tri thi xem nhu khong c6 tuwong tac va tach
biét 6 trong nhan. Tinh toan nay dya trén bd ham co s& def2-TZVPP [19]. Giai phap phan
giai dong nhat gan ding (resolution-of-identity - RI) dwoc ap dung cho mdi qua trinh
to1 uu.

Phén tich orbital bién cho biét thong tin vé hinh dang cua cac orbital phan tr va
nang lugng ctia chting. Cac tinh todn nay c6 thé duoc tiéh hanh bang ting dung NBO 5.1
trong phan mém Gaussian 09 6 mtec ly thuyét M052X/def2-TZVPP [20]. Cac thong tin vé
mat do electron co6 thé dugc danh gia bz“ing cac phan tich lién két. Trong d6, mirc nang
lerong HOMO (highest occupied molecular orbital) Exomo dai dién cho xu huwdng cho
electron lién phan tt; ngroc lai, mic nang lwong LUMO (highest occupied molecular
orbital) Erumo c6 thé duoc danh gia nhu la gia tri dai dién cho kha nang nhan electron
lién phan t. Nang lugng vung cdm AE = Enomo — Erumo c6 thé duwgce xem nhuw 1a mot
thong s6 cho kha nang twong tac lién phan t boi vi né cho biét xu hudng chuyén dich
cua electron cé thé dwoc kich thich 1én mic nang lwong cao hay khong, dong nghia véi
viéc c6 kha nang roi khoi phan tit hay khong. Nang liong ion hoa (ionisation potential,
I) va &i Iyc electron (electron affinity, A) duoc tinh toan thong qua dinh ly Koopmans'
[21, 22] I = ~Enomo va A = —Erumo. Cac s0 liéu nay dugc sit dung dé€ tinh do am dién
(electronegativity, x) ctia toan phan ti. Doi véi mot hé co N electron véi tong nang luong
electron (E) va thé nang luwgng hat nhan v(r), gia tri 46 am dién duoc tinh toan la gia tri
am cua thé'hda hoc (chemical potential, p) [23, 24].

2.2. Phuong phap moé phong docking phan tw

St dung phuwong phap docking phan tir d€ du doan nang luong docking va
twong tac gitta thudc (ligand) vdi enzyme/protein cta virus tir d6 dé nghi co ché tec ché
virus ctia hé nghién ctru. Cac budc tién hanh mo hinh hdéa docking phan tr gom 5 bude
thong qua phan mém MOE 2015.10 [25-28].
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Bu6c 1. Lwa chon va chudn bi cdu triic muc tiéu tic dong
- Lwra chon protein.

- X&c dinh vj tri gén két thong qua viing téc dong cta protein, duoc xac dinh dua
trén vi tri ligand (ban kinh 4,5 A) va sit hién dién cdc amino acid quan trong ctia protein.
Cac phan tir nuwdc duoc loai bo va cadu dang cac amino acid dwgc kiém tra truede khi tai
lap vung tac dong ctia protein bang cach proton hoa cdu triic d€ dwa cac amino acid vé
dtng trang théi ton tai trong moi treong co thé va thiét lap dién tich cuc b d€ thich ting
voi treong e dang chon.

Bué6c 2. Chudn bi ciu triic phin tir thudc (ligand)

- Xay dung cdu trtc 2D (cdu tric phang) ctia cac phan tir thudc duoc vé chuyén
ddi tu dong sang c&u tric héa hoc 3D (cdu tric khong gian ba chiéu) bang phan mém
ChemBioOffice 2018.

- T6i uu héa ning lwong cdu trtic phan ti 3D ctia thudc nghién ctru bang phan
meém Sybyl-X 1.1 d€ thiét lap lai cdu dang cta chat nghién ctu, st dung phuong phéap
Conj Grad (gradient lién hop), lwa chon diém ding la thay d6i nang lwong nhé hon 0,001
kcal.mol”, dién tich tiing phan Gasteiger — Huckel, s& budc ldp lai t6i da 10.000 budc.
Tinh ddng luc hoc phan t& véi nguyén tic gia nhiét md phong (Simulated Annealing)
trong phan mém Sybyl-X 1.1 d€ thu duoc cadu dang ¢ nang luong toan phan thap nhat.

Buéc 3. Mo hinh tdi docking phdn tir (Re-docking)

Lép ghép lai c&u tric ligand dong két tinh trong protein, nham muc dich danh
gia tinh pht1 hop ctia cc thong s8 1ap ghép. Qua trinh nay duoc tién hanh véi 3 cdu dang
ligand nhu sau:

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

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

Danh gia thong s6 RMSD (Root-mean-square deviation), cho biét mic d¢ sai léch
clia cac cdu dang ligand sau lap ghép so véi cau dang cé sén trong cau tric tinh thé, va
so sanh cac trwong tac ligand cé trong c&u tric tinh thé va twong tac tao ra sau khi lap
ghép. Két qua mo phong l4p ghép thuc su dang tin cay khi gia tri RMSD < 2,0 A va cac
twong tac gitra cac ligand véi protein ban dau khac nhau khong dang ké.

Buroc 4. Docking phan tir vao muc tiéu tic dong

- Docking phéan ttr nghién ctu trong co s¢ di liéu da chudn bi. Tién hanh quy
trinh lap ghép bang phan mém MOE 2015.10 véi cac tly chon nhu sau: phwong phép
d4t cac manh ligand vao hdc gan két 1a phép thiét 1ap phti hop véi cdu tric 3D; s6 két
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qua t6i da cho mdi budce lap 1a 1000, s8 két qua tdi da cho mdi sy phan manh ligand 1a
200; giit lai mot s6 cAu dang tot nhat ctia mdi phan ti thude trong phiic hop (ligand-
protein) gan két d€ tiép tuc phan tich tuong tac. Cau dang t6t véi chi s6 nang luong
docking thdp nhat (Docking score (DS), kcal.mol?), la tdng nang luong tw do cho sy hinh
thanh cac twong tac gan két gitta phan tir nghién ctru v6i muc tiéu tdc dong (protein).

Buw6c 5. Phin tich két qua docking phdan tir vao muc tiéu tic dong

- Banh gia kha nang trc ché€ protein ctia thudc nghién cttu thong qua viéc danh
gia chi s§ nang luong 1ap ghép va tuong tac ligand-protein gom: Nang lwong docking
phén t DS (kcal.mol), tham s6 d¢ 1éch binh phuong trung binh géc (RMSD); Phan tich
twong tac gifta phan tr thudc véi muc tiéu tic dong va biéu dién tuong tac trén mat
phang 2D, 3D thong qua céc lién két hydrogen, twong tac n-, trong tac ion, tiong tac
cation-n. Céc twong tac bé mat van der Waals dwgc phat hién béi su tiép xtic cac thanh
phan wa nudc-ky nuwedc gitta phan ti thudc va diém gan két (cdc amino acid caa protein).

3. KET QUA VA THAO LUAN
3.1. C4u trtic - tinh ch4t ctia cac thudc nghién ciru theo tinh toan hoa lugng ti

C4u truc hinh hoc t6i wu ctia D1-D4 tai muc ly thuyét M052X/6-311++G(d, p) duoc
trinh bay ¢ Hinh 3. Véi dang d6i xting C1 (khong ddi xting), cau tric bén cua cac thudc
tiém nang thu dugc két qua vé do dai lién két cua cac lién két ddc trung C-O, N-H, C-H,
C-N vdi két qua ndm trong khoang tir 1,3 — 1,6 A. Cac thudc tiém ning déu c6 chira cac
nhom chttc nhu -NH>, N di vong, -OH, -C-O, -OCHs nén s€ lam tang tinh phan cyc ctua
thudc dan dén lam ting kha nang phan tan ciing nhw kha ning twong tac voi cac amino
acid trong cac protein cua virus SARS-CoV-2.

@
D4
Hydroxychloroquine Penciclovir

Hinh Error! No text of specified style in document.. Cau tric hinh hoc t6i wu cta cac thudc D1 - D4
tai muc ly thuyét M052X/6-311++G(d, p).
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Bang 1. Thong s& hoa hoc luong tir cia D1 — D4 tir tinh todn orbital lién két ty nhién tai muc ly
thuyét M052X/def2-TZVPP: nang luong HOMO (Enomo), nang luong LUMO (Erumo), bién thién

nang luong vung cdm (4Ecar), nang luwgng ion hoa (I), ai luc electron (A), dd am dién (x), hoa

thé (n).
AEcar (V) [ A X H=-x
Enomo  Erumo
Thud. - = = = =
ey (@) -
Erumo—Erovo  _Fyomo —Erumo (I+A)2  —(0E/ON)wur

D1 -6,939  -0,593 6,346 6,939 0,593 3,766 -3,766
D2 -8,296 -2,017 6,279 8,296 2,017 5,157 -5,157
D3 -7,238  -0,533 6,705 7,238 0,533 3,886 -3,886
D4 -7,200  -0,824 6,376 7,200 0,824 4,012 -4,012

Bang 1 trinh bay cac thong sd hda hoc luong tit ctia cac thuéec D1-D4 duoc tinh
toan qua cac orbital lién két ti nhién tai mic ly thuyét M052X/def2-TZVPP gém nang
luong HOMO (Enomo), nang luong LUMO (ELumo), bién thién nang luong ving cdm
(AEcar), nang luong ion hoa (I), ai luc electron (A), dd am dién (x), hda thé (n). Mat do
phan bd electron duwgc da duoc phan tich bang orbital lién két tu nhién. Nang lwong
HOMO (Enowmo) chi ra xu huéng cho electron ctia phan ttr. Bén canh dé Erumo la kha nang
nhén electron ctia phan ti mdt khac phan t& ¢6 Erumo thdp hon thi ¢é kha nang nhan
electron cao hon. Nang lwong vung cdm AEcar = Etumo — Enomo ¢é thé duoc xem nhu la
mot thong s6 cho kha nang tuong tac lién phan tk, lam ligand phan ing dén bé mit cta
mot tac nhan (protein, enzyme) véi hiéu qua trc dang ké thong qua cac gia tri bién thién
nang lugng cta ligand (thudc nghién cttu) 1én protein thay d6i, dan dén thé ion hoa (1)
va ai lyc electron (A) ctia phan tit chat nghién ctru ciing can duoc khao sat bang cach ap
dung dinh ly Koopmans' [21, 22] biéu thtic lién hé véi HOMO va LUMO la: I = -Enowmo,
A =-Erumo va d6 am dién (x), héa thé (1) nham muc dich khang dinh tinh chat héa ly va
tiém nang tec ché protein cta thudc nghién ctru. Ttr két qua AEcar c6 thé du doan duwoc
xu hudéng phan ting cta cac thudc httu co D1-D4 v6i bé mat ctia cac protein va hiéu qua
ttc ché ctia cac thudc nay. Gia tri AEcar ctia D1-D4 nam trong khoang 6,279 eV dén 6,705
eV. Gid tri thé' ion hoa thay d6i tir 6,939 dén 8,296, gia tri 4i luc electron thay doi tir 0,533
dén 2,017 va thu6c D2 c6 thé ion hoa va ai luc electron 16n nhat. Két qua 6 Bang 1 budc
dau khang dinh 4 thudc khao sat 6 tiém nang tec ché protein ctia virus.

3.2. Khao sat kha niang ttc ché enzyme ACE2 va protein 6LU7 cia SARS-CoV-2 bang
mo phong docking phan ti

Chting t6i tién hanh nghién ctru cau tric bac ba caa hai protein muc tiéu (ACE2
va 6LU7) véi cac vi tri tiép can (hdc) cua chung boi 04 thude tiém nang duoc trinh bay ¢
Hinh 4. C4c vi tri ti€p can tuong tng véi cac mau sdc khéc nhau: vi tri 1 (mau xam), vi

tri 2 (mau xanh luc lam), vi tri 3 (mau vang) va vi tri 4 (mau xanh da troi). Kha nang tc
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ch€ ctia cac thudc tiém nang voi cac vi tri tiép can cua hai protein muc tiéu duoc danh
gia thong qua nang lugng docking DS (kcal.mol") va sd tuong tac (ligand-protein). Két
qua sang loc vé kha nang trc ché ctia cac thudc D1-D4 tai lén cac vi tri tiép can khac nhau
duoc trinh bay trinh Bang 2 va cac thudc nay phan 16n tic ché t6t enzyme ACE2 va
protein 6LU7 tai cac vi tri ma tai d6 c6 nang luwong docking thap va s6 lwgng tuong tac
16n. Céac hoc s6 1 va sd 2 1a wu tién cho qua trinh tuong tac cua gitra cac thudc voi cac
amino acid ctua enzyme ACE2 va protein 6LU?7.

Sites 14 Sites 1 -4
Angiotensin-Converting Enzyme 2 Protein 6LU7 - SARS-CoV-2
(6LU7)

Sitel Site2 Site3 Site4

Hinh 4. C4u trac cua (a) enzyme ACE2 va (b) protein 6LU7 v6i cac vi tri tiép can (hoc) cua
chiing boi mot s6 thudc tiém nang duoc khao sat: vi tri 1 (mau xam), vi tri 2 (mau xanh luc lam),

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

Bang 2. Sang loc két qua vé kha nang trc ché 1én c4c vi tri tiém nang trén enzyme ACE2 va

protein 6LU7 cuia cac thu6c nghién ctru.

Enzyme ACE2 Protein 6LU7
Thuéc  Vitril Vitri2 Vitri3  Vitri4 | Vitril Vitri2 Vitri3 Vitri4

E N E N E N E N| E N E N E N E N
D1 -109 3 -123 6 94 3 86 2 |-149 7 -102 3 -11.0 4 -10.7 3
D2 95 2 -140 5 84 2 -78 2|90 2 -131 6 87 2 -80 1
D3 -137 6 99 3 90 3 -88 2|85 2 -147 6 -101 3 -96 2
D4 -121 4 80 1 84 2 -73 1|-70 1 -114 4 -72 1 -80 2

E: nang luong docking (DS) (kcal-mol1)
N: s0 tuong tac

Kha nang trc ché€ hai protein ACE2 va 6LU7 cta cac thudc D1-D4 da duoc nghién
cttu bang phuong phap mo6 phong docking phan tir va hinh anh mo6 phéng 2D-3D qué
trinh tc ché ddi véi enzyme ACE2 va protein 6LU7 dwgc trinh bay lan luot trong Hinh
5 va Hinh 6. Cac két qua vé thong sd qua trinh docking nhu nang lwong docking (DS),
chi s6 RMSD, cac tuong tac van der Waals, lién két hidro dugc trinh bay trong Bang 3 va
Bang 4, c6 thé két luan duoc hiéu qua e ché cua cac thudc tiém nang lén enzyme ACE2
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va protein 6LU7. Qua trinh nghién cttu m6 phong docking cua cac thudc véi enzyme
ACE2 va protein 6LU7 chi ra rang tat ca cac gia tri do 1éch binh phuong trung binh
(RMSD) lién két déu nho hon 2A cho thdy tinh tong khép hinh thai sinh hoc cao [29].

Bang 3. Cac thong sd trong tuong tac thong qua moé phong docking phan ti gitra cac thudc D1,
D2, D3, D4 véi enzyme ACE2.

Ligand-protein Lién két hydro Tuong thc van der
Phc | DS |RMSD | L P T D| E Waals
N O |GluB755 |Ionic 3.65| -14
N O |GluA999 |Ionic 3.92| -0.7 |TleA299, ArgB747,
N O |GluB755 |Ionic 3.07| -4.0 |SerB750, AspA932,
D1-ACE2 |-12. 1.27
¢ 3 6-ring | N |GInA936 |m—cation |3.08| -2.1 |GlyB751, AlaB754,
6-ring | N |ArgB758 |m—cation |3.86| -0.7 |LysA929, ArgA996
6-ring | N | ArgB1001 |7 -cation |4.76| -2.8
N O |GluB755 |H-donor |[3.05| -4.3
O N |GInA936 |H-acceptor |3.13| -2.9 |GluA999, AlaB748,
D2-ACE2 |-14.0| 1.78 O N |ArgA996 |Ionic 3.16| -3.5 |LeuB994, IleB752,
N N |ArgA996 |Ionic 3.02| -4.3 |GlyB751
N N |ArgB1001 |lonic 3.35| -2.5
C O |AspB932 |H-donor |[3.36]| -0.8
C O |AspB932 |H-donor 3.24| -1.8 |GlyA751, AlaA754,
N O |AspB932 |Ionic 3.90| -0.7 |ArgA758, ThrB925,
D3-ACE2 |-13.7| 1.45
N O |AspB932 |Ionic 3.75| -1.1 |GInB931, GlyB928,
N O |GIluA755 |Ionic 3.95| -0.6 |GInB936, LysB929
N O |AspB932 |Ionic 3.06| 4.1
9] O |LysB929 |H-donor |2.97| -1.6 |ProB710, ArgA758,
N O |AspB932 |H-donor [3.10| -1.3 |ArgA1001,
D4-ACE2 |-12.1| 1.2
c ? C O |GluB999 |H-donor |3.32| -1.0 |ArgB996, GluA755,
5-ring | N |GInB936 |m-H 3.38| -1.0 |GlyA751

DS: nang lugng docking (kcal.mol?); RMSD: Root-mean-square deviation (A)

L: Ligand; P: Protein; T: loai twong tac; D: khoang cach tuwong tac (A),‘ E: ndng lugng (kcal.mol?)

Nghién cttu md phdng qua trinh docking cac thudc D1, D2, D3, D4 1én protein
ACE2 nhan thay rang thudc D2 c¢6 ning luong docking thap nhat -14,0 kcal.mol'. Ngoai
ra, thudc D2 duoc gan vao protein ACE2 t8t thong qua viéc thé hién twong tac gitta D2
véi cdc amino acid ctia protein bang 5 lién két van der Waals va 5 lién két hidro ctia H-
donor, H-acceptor va ionic trong d6 -O- va -N-ctuia thudc D1 sé tao ra tuwong tac voi nhom
-O- va -N- ctia cic amino acid GluB755 (3,05 A), GInA936 (3,13 A), ArgA996 (3,16 A),
ArgA996 (3,02 A) va ArgB1001(3,35 A). Mt khac, gia tri DS ctia thudc D4 khi tic ché
protein ACE2 la cao nhat -12,1 kcal.mol* va RMSD la 1,29 A nén cé thé du doan rﬁ“mg
kha ning ttc ché protein ctia thudc D4 1a yéu nhat. Do dé c6 thé sdp xép mot cach tuong
ddi kha nang tic ché€ enzyme ACE2 ctia cac thudc tiém nang (D1 — D4) theo tht tu: D2 >
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D3 > D1 > D4. Tt m6 phong truc quan 2D-3D tee ché bao vé thu thé chu ACE2 thong qua
twong tac gitra cac thudc nghién ctu va amino acid ctia protein ACE2 (Hinh 5), nhan
thay thudc tiém nang tao lién két vao cac hoc (site) co6 sw khdp hinh hoc qua hinh anh
duong dét nét véi cadc nhém chite déc trung ctia thude ludn nam tron trong site twong
tac.

®

oo
© o ® 6 o @
[D1-ACE2] [D2-ACE2] [D3-ACE2] [D4-ACE2]

Hinh 5. M6 phong truc quan 2D-3D tc ché€ enzyme ACE2 thong qua twong tac ciia cac nhom
chtic trong thudc tiém ndng va amino acid ctua enzyme: (a) [D1-ACEZ2], (b) [D2-ACE2], (c) [D3-
ACE2], (d) [D4-ACE2].

Bang 4. Cac thong so trong tuong tac thong qua md phong docking phan ti gitta cac thude D1,
D2, D3, D4 véi protein 6LU7.

Ligand-protein Lién két hydro Twong tac van der
Phtc | DS |RMSD | L P T | D|E Waals
C O Thr190 |H-donor |3.60 |-0.8
N O Glul66 |H-donor |3.27 |-2.0 Phe140, Asn142,
N ©) Glu166 |Ionic 3.78 |-1.0 His164, His163,
D1-6LU7 |-149| 139 |N ©) Glul66 |Ionic 3.27 |-2.9 Cys145, Arg188,
C 5-ring |His41l |H-m 3.90 [-0.9 GIn192, Metl65,
6-ring |N Glul66 |m-H 448 |-1.0 Leul4l
6-ring [N GIn189 | n-H 4.01 |-1.0
N S Cys145 |H-donor |3.31 [-1.2
N ©) Glul66 |H-donor |3.14 |-0.9
. H- GIn189, Leul41,
p2-6Lu7 [131] 100 |© (N [HSI centor (27 [P0 Asni42, Serias,
H- His164, Phe140
N s Cys145 331 |-1.1
acceptor
6ring |C | Met165 | n-H 3.96 [-0.7
©) ©) Ile152 |H-donor |3.15 |-1.1
N ©) Tyr154 |H-donor [3.43 [-2.0
D3-6LU7 |-14.7| 1.16 C o Asp153 |Hodonor |3.32 |-0.9 Phe8, Arg298, Phe294
N ®) Asp153 | Ionic 295 |-4.8
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C 6-ring | Tyr154 |H -t 4.37 |-0.6
C 6-ring | Tyr154 |H -mt 3.64 |-0.9
O O Thr111 |H-donor (293 [-0.6
N O lle152 |H-donor [2.89 |-1.9 | Phe8, Ser158, Asp153,
D4-6LU7 |-11.4] 1.28 o N GIn110 H- 311 |-1.9 Asnl151, Thr292,
acceptor Asp295
C 6-ring | Phe294 | H-nt 419 |-0.8

DS: nang luwong docking (kcal.mol!); RMSD: Root-mean-square deviation (A)

L: Ligand; P: Protein; T: loai tuong tac; D: khoang cach twong téc (A); E: ning luong (kcal.mol)

® ©

[D1-6LU7]

[D2-6LU7]

[D3-6LU7]

[D4-6LU7]

Hinh 6. M6 phong triec quan 2D-3D tc ché protein 6LU7 cua SARS-CoV- thdng qua tuong tac

cua cac nhom chire trong thudce tiém nang va amino acid cta protein: (a) [D1-6LU7], (b) [D2-

6LU7], [D3-6LU7], (d) [D4-6LU7].

So sanh st tic ché protein 6LU7 véi cac thudc cho thdy két qua chi ra ra rang cac

thudc nay twong tac véi protein 6L.U7 bang cac phdi tit -C-, -N- va vong 6 canh véi cac

loai twong tac H-acceptor, H-donor, n-H, H-nt va ionic. Trong d6 thudc D1 tic ché manh

ddi voi protein 6LU7 véi gid tri DS la -14.9 kcal.mol! thong qua 9 tuong tac van der

Waals va 7 lién két hidro gom céc twong tac H-donor, ionic, H-r va n-H. Nguoc lai, thudc
D4 c6 kha nang tic ch€ protein 6LU7 thap nhat véi DS 1a -11,4 kcal.mol! véi 6 twong tac
van der Waals va 4 lién két hidro. Tt cac két qua trén chuing ta c6 thé danh gia kha nang
tec ché protein 6LU7 cua cac thudc tiém nang (D1 — D4) theo th tu: D1 >D3 > D2 > D4
(Bang 4 va Hinh 6).

3.3. Tuong thich gitta thong s6 hoa ly va hoat tinh cta cac thudc tiém nang khi tec ché

enzyme ACE2 va protein 6LU7

Bdng 5. Tong hop cac tinh chat hoa ly cua cic thudc nghién ctru.

DSrs . o Hé s6 phan tan Tong s6 twong tac
ThuSc | ACE2- | Thétich 15221 Docfc‘a“ Hé s8 hoa tan (ACE2/6LU?7)
6LU7 e i LogP LogS Hydrogen bond
D1 -13.6 480,1 320,6 38,1 5,57 -4,67 13 (6/7)
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D2 -13.6 161,8 157.2 13,2 0,79 -1,54 11 (5/6)
D3 -14.2 473,9 336,8 38,7 3,89 -4,87 12 (6/6)
D4 -11.8 250,4 253,9 26,2 0,84 -1,72 8 (4/4)

Nang lwong trc ché trung binh (DSrts, kcal.mol!); Khéi lwong phan t&r (Ma, amu
g g g gp

D6 phan cuc (A3); Thé tich (size) (A)

Bang 5 tom tat cc thong s6 ddc trung tinh chat hoéa ly thu duwoc tir méd phong
docking duoc thuc hién trén 4 thudc nghién ctru (D1-D4) &€ khang dinh vé tiém nang
tng dung thudc ci trong diéu tri bénh méi. Cac thong sd két ndi bao gom nang luong
ttc ché trung binh (DSts, kcal.mol); Kh&i luwong phan tir (Ms, amu); Do phéan cuc (A3);
Thé tich (size) (A) va hé s6 phan tan LogP, LogS ctia cac thudc nghién ctru duoc gén vao
enzyme ACE2 cua thy thé cha va protein 6LU7ctia SARS-CoV-2. Cac thong sd nay duoc
tinh toan bang hé thng QSARIS véi phuong phép Gasteiger-Marsili [30]. Hoat tinh sinh
hoc hodc duoc ly ctia cac thudc duoc sang loc trude bang cach danh gia dua trén quy téc
Lipinski 5, mdt chi s§ tinh cay d€ du doan hoat tinh cta thudc [31]. Quy tac chi ra rang
mot phan tinh ¢ kha nang trc ché tot thong qua teong tac véi amino acid phai ¢6 LogP
<5, khéi lwgng phan tir < 500 amu véi s6 lwgng chat nhan lién két hydro < 10, s6 luong
chat cho lién két hydro < 5 [32]. Méac du thuSe D1 c6 LogP > 5 nhung c6 hé s6 phan tan
va hé s0 hoa tan nhan gia tri am va thudc D3 cling c6 hiéu qua tic ché tot voi 2 protein
ACE2 va 6LU7 do lan luot tao 6 va 7 lién két hidro. Ngoai ra, cac thudc nay déu gia tri
phan cuc 16n va dan dén kha nang lién két cao véi cac acid amin thong qua viéc thé hién
lién két manh mé vdi cac tuwong tac hydro va tuwong tac van der Waals. Diéu nay rat ¢
loi cho su tic ché protein vi phan tit polypeptit duoc tao thanh tir cdc acid amin phan
cuee. Do d6, cac thudc (thudc) chon loc, ¢d kha nang tuwong thich véi cac ting dung duoc
pham trong moi trueong sinh ly trong diéu tri bénh méi. Tém lai, cac két qua tinh toan
lam rd méi twong quan gitra cac cdu truc va cac hoat déng tic ché SARS-CoV-2 ctia cac
thudc ty nhién tiém nang. Chung tdi nghi rang cac dac tinh ctia cic hop chat (thudc) gitip
chting t6i dinh hudng ban tdng hop hodc tdng hop ctia mot s& dan xuat trong bao ché
thudc dac tri tuong ty trong twong lai.

4. KET LUAN

Nghién cttu nay danh gia kha nang tic ché enzyme cta cac cau tric hoa hoc khac
nhau ttr cac thudc tiém néng trc ché€ bao vé thu thé, enzyme ACE2 va protein chinh ctia
SARS-CoV-2 (6LU7). Cac thudc ct dé nghi diéu tri bénh méi duoc dé xuat 1a chat trc ché
enzym hiéu qua thong qua tiém nang tir thong so tinh toan luong tk. Ngoai ra, nghién
ctu nay moé ra mot ti€p can mai vé cac thude véi cac nhdm chire dédc trung: nhom —-OH,
—-NHz, -C-O, -OCHj, ... déng vai tro la chat tic ché€ thu thé ACE2 va protein 6LU7 cta
SARS-CoV-2. Két qua mo phong véi qua trinh tiép can protein ACE2 va 6LU7 thi vi tri
thuén loi dé€ ligand tiép can hdc ctia protein thay do6i d6i véi ting thudc khac nhau. Gia
tri d6 1éch binh phuong trung binh géc (RMSD) ctia phoi tit (thudc) véi enzyme/protein
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trong cac phttc hop nghién ctru < 2,0 A cho két qua docking dang tin cay. Két qua mo

phong docking phan tir khang dinh cac thudc tiém néang tic ché tSt theo co ché bao vé
enzyme ACE2 ctia thu thé va tc ché€ 6LU7 ctia SARS-CoV-2.

LOI CAM ON

Nghién cttu nay dwoc tai trg boi Bo Gido duc va DBao tao qua chwong trinh phat

trién Khoa hoc va Coéng nghé v6i ma s6 dé tai B2021-DHH-13.
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INHIBITABILITY OF SOME DRUGS TOWARDS ENZYME ACE2 (HOST
RECEPTOR) AND PROTEIN 6LU7 (SARS-CoV-2) BASED ON QUANTUM
CHEMICAL CALCULATION AND DOCKING SIMULATION

Bui Quang Thanh!, Phan Tu Quy? Nguyen Vinh Phu?,
Nguyen Ho Vu Phong?!, Nguyen Thi Thanh Hai', Nguyen Thi Ai Nhung'*

Faculty of Chemistry, University of Sciences, Hue University
2Faculty of Natural Science and Technology, Tay Nguyen University
SFaculty of Basic Sciences, University of Medicine and Pharmacy, Hue University
*Email: ntanhung@hueuni.edu.vn
ABSTRACT

The drugs, chloroquine (D1), favipiravir (D2), hydroxychloroquine (D3), penciclovir
(D4), are well-known performing broad-spectrum activity against a variety of
viruses with high potentiality for the treatment of SARS-CoV-2 disease. Quantum
properties were examined using density functional theory (DFT). The inhibitability
of the drugs towards enzyme ACE2 and SARS-CoV-2 main protease (6LU7) was
evaluated by molecular docking simulation, while their bio-compatibility was
justified by physicochemical properties obtained from QSARIS-based analysis in
reference to Lipinski's rule of five. Quantum analysis suggests that the drugs are
highly favourable for intermolecular interaction towards protein structures.
Docking results indicate that protein ACE2 is strongly inhibited by drugs
investigated and the inhibitory effectiveness is in the order D2 > D3 > D1 > D4 while
the overall inhibitability of the drugs with protein 6LU7 follows the order D1 > D3 >
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D2 >D4. D3 is predicted as the most effective inhibitor towards both targeted protein
structures (DSaverage -14.2 kcal. mol") and the most bio-compatible molecule (Mass
336.8 amu; LogP 3.89; Polarisability 38.7 A%). The theoretical investigation suggests
all drugs promising for treatment of SARS-CoV-2 infection and encourages in-

related clinical trials.

Keywords: Density functional theory (DFT), molecular docking simulation, SARS-
CoV-2, angiotensin-converting enzyme 2 (ACE2), protein 6LU?7.

Bui Quang Thanh t6t nghiép ctt nhan chuyén nganh Héa hoc tai Trueong
Dai hoc Su pham, Pai hoc Da Né&ng; nhan bé“mg Thac si chuyén nghanh
Hoa ly thuyét va héa ly tai Truong Dai hoc Khoa hoc, Pai hoc Hué. Tt
nam 2014 dén nay, giang day va nghién cttu tai BO mon Hoa ly, Khoa

Héa hoc, Truong Pai hoc Khoa hoc, Dai hoc Hué.

Linh vwec nghién ciru: Hoa hoc vat liéu va vat liéu nano.

Phan T& Quy sinh ndm 1982. Ong t3t nghiép ctt nhan Hoa hoc tai truong
Dai hoc Su pham, Dai hoc Hué; nhan b:?mg thac si chuyén nganh Hoéa ly
tai treong Dai hoc Su pham, Dai hoc Hué; nhan b%ing tién si nganh Hoéa
ly thuyét va Hoéa ly tai treong Dai hoc Khoa hoc, Dai hoc Hué. Hién nay,

ong giang day va nghién cttu tai treong Dai hoc Tay Nguyén.
Linh viee nghién ciru: Hoa ly va héa ly thuyét.

Nguyén Vinh Pha sinh nim 1996. Ong t3t nghiép ctt nhan Hda hoc tai
truong Dai hoc Khoa hoc, Dai hoc Hué; Hién dang theo hoc chwong trinh
thac si chuyén nganh Hoéa ly thuyét va Hoa ly tai truong Dai hoc Khoa
hoc, Dai hoc Hué. Hién nay, 6ng giang day va nghién ctu tai treong Dai
hoc Y Duoc, Pai hoc Hué.

Linh vwec nghién citu: Hoa hitu co va Hoa vat liéu.

Nguyén Hé Vii Phong sinh ndm 1979 tai Phu Yén. Nam 2002, 6ng tot
nghiép Pai hoc st pham chuyén nganh Hoéa hoc. Hién 6ng dang theo
hoc chuong trinh thac si chuyén nganh Hda V6 co tai truong Dai hoc
Khoa hoc, Dai hoc Hué. Hién nay, 6ng cong tac tai truong Trung hoc pho
thong Nguyén Chi Thanh, thanh phd Pleiku, tinh Gia Lai.

Linh viec nghién ciru: Hoa ly thuyeét.
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Nguyén Thi Thanh Hai sinh ngay 17/04/1982 tai Thita Thién Hué. Ba tot
nghiép ky su chuyén nganh Céng nghé thuc pham va sinh hoc tai truong
Dai hoc Bach khoa, Pai hoc Da Ngmg nam 2005; thac si chuyén nganh
héa ly thuyét va hoa ly tai treong Pai hoc Khoa Hoc, Dai hoc Hué nam
2011; bao vé luan an tién si ndm 2021 nganh hda ly thuyét va hoa ly tai
Truong Pai hoc Khoa hoc, Pai hoc Hué. Hién nay ba cong tac tai Truong
Dai hoc Khoa hoc Hué.

Linh vwec nghién ciru: vat liéu nano, hda duoc.

Nguyén Thi Ai Nhung sinh ndm 1980. Ba t6t nghiép ctt nhan Héa hoc
tai treong Pai hoc Khoa hoc, Pai hoc Hué; nhan bi“mg thac si chuyén
nganh Hoéa ly thuyét va Hoa ly tai treong Dai hoc Su pham, Dai hoc Hué;
nhan béang tién si nganh Hoa ly thuyét tai truong Pai hoc tdng hop
Philipps, Marburg, Cong Hoa Lién Bang Dttc. Ba duoc phong hoc ham
pho gido st nam 2018. Hién nay, ba giang day va nghién cttu tai truong
Dai hoc Khoa hoc, Dai hoc Hué.

Linh viec nghién civu: Héa luwong tir va héa ly thuyét.
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