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Tom tit:

Enzyme 3-chymotrypsin-like protease (3CLpro) dong vai tro quan trong trong qua trinh sao chép ctia virus Corona

va la dich tac dung cia nhiéu nghién ciu _phat trién thuéc méi diéu tri COVID-19. Tuy nhién, cic chit e ché
3CLpro dugc bao cao cho dén nay con nhiéu han ché nhuw sw khang thudce, kém hiéu qua khi sir dung don 1é. Mat
khac, di vong thiazole 13 mgt ciu tric wu viét véi nhiéu hoat tinh sinh hoc tiém ning. Nhim tim kiém céc chit trc ché
3CLpro moi, chung t6i da ap dung phuong phap docking phan tir dé danh gia tuong tac giira 40 din chét thiazole,
gom cac manh phan tir nhé va cac thude dwgc Cuc quan ly Thuc pham va Duge pham Hoa Ky (FDA) phé duyet luu
hanh, véi 3CLpro ctia SARS-CoV, MERS-CoV va dac biét SARS-CoV-2. Két qua mo phéng nghién ciru cho thay, co
8 hop chét c6 kha nang lién két truc tlep véi vi tri xic tac cia 3CLpro, trong do Edoxaban, Ixabepilone, Dabrafenib,
Ceftaroline fosamil cé luc lién két véi 3CLpro SARS-CoV-2 1an lwot 1a -8,6, -8,7, -8,8 va -8,9 kcal/mol. Nghién ciru
niy cung cAp mdt md hinh sang loc ding tin ciy dé xic dinh cac chit &c ché 3CLpro méi mang khung thiazole,
hwéng phat trién cac thude khang virus tiém ning trong diéu tri SARS-CoV-2.
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Abstract:

The enzyme 3-chymotrypsin-like protease (3CLpro) of Coronavirus plays a crucial role in viral replication and is a
validated target in the development of new drugs for the treatment of COVID-19. However, till now, most reported
3CLpro inhibitors are raising concerns regarding drug resistance, low efficacy when used as monotherapy. On the
other hand, the thiazole scaffold is a privileged structure with potential biological activities. With the aim of finding
compounds that can inhibit new 3CLpro enzymatic activity, we applied molecular docking simulations to investigate
the interactions between 40 thiazole-based derivatives, including small molecules and Food and Drug Administration
(FDA) - approved drugs, with the 3CLpro enzymes of SARS-CoV, MERS-CoV, and particularly SARS-CoV-2. The
simulation results revealed that 8 potential compounds are capable of binding directly to the catalytic site of 3CLpro,
including edoxaban, ixabepilone, dabrafenib, and ceftaroline fosamil, which exhibited binding affinities to SARS-
CoV-2 3CLpro of -8.6, -8.7, -8.8, and -8.9 kcal/mol, respectively. This study presents a reliable in silico screening
model for the identification of novel 3CLpro inhibitors bearing thiazole scaffolds, contributing to the development
of potential antiviral drugs against SARS-CoV-2.
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1. Dt van de

Virus Corona (ho Coronaviridae) 1a mam bénh phé bién
& con ngudi va dong vat, thuong lay nhiém qua duong ho
hép, giy ra céc triéu chimg cam lanh thong thuong. Trong
thoi gian qua, ba ching virus Corona da dugc ghi nhén Ia
¢6 kha nang truyén tir dong vat sang nguoi, bao gdm: virus
Corona gy hoi chimg hé hip cép tinh ning (SARS-CoV),
virus Corona gay hoi chimg ho hap Trung Pong (MERS-
CoV) va SARS-CoV-2, déu lay nhidm sang nguoi sau khi
lan truyén tor dong vat [1, 2]. Pac biét, SARS-CoV-2 la tac
nhéan gay ra dai dich toan cau COVID-19 va la nguyén nhan
gdy tir vong cho hang triéu nguoi trén toan thé gisi trong
thoi gian rat ngan. Thém nita, dich bénh do SARS-CoV-2
gdy ra c6 thé bung phat manh mé tr lai trong tuong lai gan.
Enzyme 3CLpro, hay con dugc goi la Mpro (Main protease)
la mdt enzyme co cAu tric dic hiéu chi ¢6 & virus Corona,
enzyme dong vai tro quan trong trong qua trinh phién ma va
nhan ban virus SARS-CoV-2 [3-5]. Do d6, 3CLpro duogc coi
1a dich tac dung hang dau trong nghién ciru va phat trién cac
thudc khéang virus SARS-CoV-2. Céc protein 3CLpro cia 3
loai virus Corona la 6Y2F (SARS-CoV-2 3CLpro), 3TNT
(SARS-CoV 3CLpro) va SWKK (MERS-CoV 3CLpro)
da duoc phan lap va xac dinh cAu trac déy dua, tuy nhién
trong qua trinh bién thé ciia virus, viéc bién ddi cia enzyme
nay con chua duogc nghién ciru chi tiét, vi vay hién chua co
danh gia rd rang vé hiéu qua cua cac thude e ché 3CLpro
trén dong virus c6 khang thuc. Pén nay, mot sb chat wc
ché protease 3CLpro dd duogc thiét ké, phat trién va thir
nghiém 1am sang dé diéu tri COVID-19, tuy nhién chi co
Nirmatrelvir dugc FDA va Co quan Quéan 1y Duoc phdm
chau Au cip phép sir dung khan cip diéu tri COVID-19 ¢
nguoi 16n (hiép dong véi Ritonavir - tén thuong mai cua
Norvir) [6, 7]. Thém vao d6, mot s tac dung phu, su khang
thudc cing chi phi diéu tri cao ciing 14 mot trong nhiing
nguyén nhan khién viéc str dung phac dd nay con nhiéu han
ché. Chinh vi vay, nghién ctru sang loc 4o cac chat co kha
nang trc ché 3CLpro 1a rat can thiét dé phat trién cac chat
tiém ning diéu tri SARS-CoV. Mit khac, cac hop chét di
vong chira thiazole v&i nhiing tinh chét dic biét vé hoat tinh
sinh hoc da dugc nhiéu nha khoa hoc nghién ctru tir rat 1au.
Qua cac nghién ctru di duoc cong bd cho thiy, cac hop chat
di vong thiazole va dan xuét ctia ching c¢6 kha niang khang
Khuén, chéng ndm [8], khang viém [9], chéng hién tuong
co giat [10], chéng ung thu [11], khang virus [12]. Trong
d6, Ritonavir 1a mot hop chat mang khung di vong thiazole,
¢6 kha ning chdng HIV nho tac dung e ché protease cua
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HIV, mét loai enzyme cung ho v4i 3CLpro cua virus Corona
[12, 13]. Chinh vi vay, nghién ciru sang loc 4o cac thube di
lwu hanh hay cac din chét dang duoc thir nghiém 14m sang
mang khung thiazole nham tim ra cac chit c6 kha ning trc
ché 3CLpro 1a rat can thiét dé phat trién nhanh cac thude
tiém nang diéu tri SARS-CoV. Cic tic gia nghién ciru st
dung 1y thuyét va cac cong cu tinh toan nham tim kiém cac
hop chit mang khung thiazole c6 kha ning tuong tac véi
enzyme SARS-CoV-2" véi muc tiéu: (i) Nghién ctru cu
tric ctia mot sd hop chat va thude chira phdi tir thiazole
va (ii) Nghién ctru 1y thuyét kha ning tuong tic ciia mot
s6 thiazole véi cac enzyme SARS-CoV dé lam tién dé cho
nghién ctru thue nghiém sau nay.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

3CLpro la mot trong nhiing protein chiu trach nhiém
vé vong doi cua SARS-CoV, SAR-CoV-2, MERS-CoV-2.
Enzyme nay rit quan trong trong viéc hinh thanh virus
RNA méi bang cach diéu chinh chudi polypeptide cua virus,
dugc goi la qué trinh phan gidi protein PP1a va PPlab. Cac
polypeptid nay bao gdm 11 vi tri phan cit xtic tic bao ton,
sir dung mot tai ky nudc 1on chira acid glutamic va cac gbe
acid amin nho khac. Protein ndy dugc coi la muc ti€éu chon
loc vi cho dén nay, khong cé protease nao ciia con nguoi
dugc biét dén c6 cau triic twong dong va tinh dic hidu phan
cit co chét vai SARS-CoV 3CLpro.

Chudn bi cdu triic protein: Céac ciu tric cia 3 protein
SARS-CoV-2 3CLpro; SARS-CoV 3CLpro; MERS-CoV
3CLpro lan lugt dwoc 1y xudng tir ngan hang protein véi ID
tuong tng 1a: 6Y2F; 3TNT va SWKK. Sau d6 cac cdu tric
protein dugc loai bo phan tir nudc, thém nguyén tor hydro
va dién tich sau d6 dugc xac dinh lai ving hoat dong cta
enzyme qua phan mém MGL Autodock tools 1.5.7. Céu triic
3D cuia ba loai enzyme 3CLpro dugc thé hién trong hinh 1.

MERS-CoV 3CLpro

SAR-CoV-23CL pro SAR-CoV 3CLpro

Hinh 1. C4u tric 3D enzyme 3CLpro cuia virus SARS-CoV, SARS-
CoV-2, MERS-CoV.
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Chudn bi cdu triic hop chat: Cac dan xuét di vong
thiazole dugc biét dén 1a cac hop chét 6 hoat tinh sinh hoc
t6t nhur hoat tinh khang vi khuén, khang virus, khang té bao
ung thu, chit chng oxi hoa... [14]. Nhom nghién ciru da
lIvrra chon ra 20 manh phéi tir khac nhau déu 1a dan xuét cua
thiazole ¢ hoat tinh sinh hoc tot [15] dé danh gid twong
tac gitta vong thiazole va 3 loai enzyme SARS-CoV-2
3CLpro; SARS-CoV 3CLpro; MERS-CoV 3CLpro. Céu
trac cua cac phdi tir mang khung thiazole nay dugc thé hién
& hinh 2. Thém vao d9, trén danh sach céc loai thude duge
FDA ban hanh hang nam, 20 thudc c6 mang khung di vong
thiazole c6 cu trac nhu hinh 3 da duge chon ra dé thuc hién
nghién ctru. Céu triic héa hoc ctia cac hop chit mang khung
thiazole duoc léy tr co s& dit liéu PubChem hoac duoc vé
bang phan mém ChemBio Office 2010 va duoc chuyén
thanh ciu tric 3D nhd phin mém Avogadro. Sau do, tit ca
cac hop chét duoc gén truong luc Merck Molecular Force
Field (MMFF94) va t6i wu héa mirc nang luong.

2.2. Phwong phap nghién ciru

Phuwong phap 3D docking phdn tu: Phuong phap 3D
docking phén tu in silico duoc sir dung dé danh gia sang
loc 4o twong tac giita cac phdi tir mang khung thiazole va
enzyme 3CLpro. Kha ning lién két cua cac hop chit can
docking dugc danh gia thong qua sy tuong tac cia ching
v6i cac acid amin trong hdc phan tmg cling nhu ning luong
twong tac tinh boi ham tinh diém (scoring function) ciia
Autodock Vina.

Trung tdm hoat dong va Grid box cho docking duoc
thiét 1ap cac thong sb cua toa do trung tam X, Y va Z voi
dd rong tuong ung cung vdi khoang cach giira cac 6 ludi
[13] dwoc mo ta ¢ bang 1. Kich thudc Grid box du 16n dé
bao phii toan b trung tim hoat dong va dam bao phdi tur di
chuyén ty do trong trung tim hoat dong ciia enzyme. Cac
thong sb nay dugc xac dinh dya trén kich thudc phéi tor du
kién st dung.

Bang 1. Cac théng s6 mang lwéi dé nghién civu 1dp ghép phan tie.

R . Toa do trung Kich thwée do rong ~ Khoang cach

Tén protein 1D . ) o
tim(x,y,z)  twong img giira cdc 0 lwdi
x=10,9372;

SARS-CoV-23CLpro  6Y2F  y=2,0146; 25AX25AX25A 1A
7=18,2692
x=25,1486;

SARS-CoV3CLpro ~ 3TNT  y=44,1145; 25AX25AX25A 1A
7=-5,0121
x=-21,9860;

MERS-CoV 3CLpro  SWKK  y=25,6036; 25AX25AX25A 1A
7=4,0045
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Trong mo hinh docking nay, anh hudng ctia phan tir nude
dd duoc giam thiéu dé két qua nghién ctru tap trung vao
tuong tac giita phdi tir di vong thiazole véi trung tim hoat
dong cua enzyme. Céc tuong tac dugc quan tdm nhiéu nhat
1a lién két hydro gitra di vong thiazole véi cac acid amin c6
mat trong trung tdm hoat dong cua protein, cling nhu céac
tuong tac giita cac nhom chire khéc trong cau trac phdi tir
v6i enzyme. Cdu dang c6 twong tac v6i trung tdm hoat dong
ctia protein dong thoi ¢6 nang luong lién két nho nhét s&
duoc uu tién lua chon. Két qua cia qua trinh sang loc duoc
béo céo dudi don vi keal/mol (ning lwong lién két).

Théam dinh lgi mé hinh docking phan tir: Dé tham dinh lai
mo hinh 3D docking phan tir trong nghién ctru nay va kiém tra
thudt toan cung voi do tin cay khi lp ghép phdi tir v6i protein,
nhom nghién ciru da thyc hién st dung mo hinh docking nay
dé re-dock Levofloxacin véi trung tdm hoat dong ciia phan tir
FABP4 (FABP4 1a mot protein voi ID:3FR5 dugc tai xudng tir
thu vién protein (Protein Data Bank). Hinh anh cdu trac 2D va
3D thu dugc vé twong tac giita levofloxacin trong hdc phan tmg
ctia FABP4 cho thay, phéi tir lién két chinh xac véi vi tri trung
tam hoat dong va c6 do chénh 1éch khong dang ké v6i hinh anh
twong tac cua phéi tir Levofloxacin va FABP4 trong bao cdo
trude do6 cua Y. Wang va cs (2014) [16].

3. Két qua va ban luan

3.1. Nghién ciru sang loc cdc phoi tie thiazole phén tiv
nho

Nhom nghién ciru di tién hanh sang loc ao danh gia
tuong tac gitra protein 3CLpro v6i 20 manh phdi tir mang
khung di vong thiazole ¢6 ciu truc phan tir nhé (hinh 2).
Pay déu la cac khung dan chat thiazole da va dang duoc
danh gia c6 hoat tinh sinh hoc tdt nhu (e ché hoat dong
ctia mot sé enzyme MurA, 3CLpro, MetaAPla va DdIB...
[14-19]. Két qua docking cac hop chit nay vao trung tim
hoat dong ciia enzyme 3CLpro duoc tong hop & bang 2
dwa trén nang luong lién két cac dan chét di vong thiazole
voi cac enzyme SARS-CoV-2 3CLpro(E,), SARS-CoV
3CLpro(E,), MERS-CoV 3CLpro(E)).

Két qua nghién ctru twong tac clia cic hop chit mang
khung di vong thiazole voi cac enzyme SARS-CoV-2
3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro cho thiy,
céc thiazole c6 thé chia thénh 2 nhém: Nhom 1 bao gém 15
chu trac co tuong tac yéu hon T-T,; va nhom 2 c6 twong
tac manh gém céc chét T, Nhom T,-T,; c6 nang luong
lién két voi 3 enzyme trong khoang tur 5 den -7 (kcal/mol).
Céc thiazole tir T T, v6i nang lugng lién két manh hon
trai dai trong khoang 7 dén -9 (kcal/mol). CAu truc cua 5
thiazole nay trong vung hoat dong cua enzyme voi muc
nang lugng lién két cao nhat dugc thé hién trén hinh 4.

Két qua phan tich cho thay, phdi tir T16 c¢6 ning luong
tuong tac voi SARS-CoV-2 3CLpro 1a -7,6 kcal/mol. Cau
triic cua phan tu cling nhu sy ¢ mat cia mot so nhém c6 kha
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Bang 2. Twong tac giira cac phdi i thiazole véi cac enzyme virus
Corona.

STT Thiazole E, (kcal/mol) E, (kcal/mol) E, (kcal/mol)
1 T1 -6,7 -5,3 -6,3
2 T2 -6,1 -4,7 -6,6
3 T3 -6,0 -4,3 -6,0
4 T4 -6,0 -5,6 -6,5
5 TS -6,2 -5,1 -7,2
6 T6 -6,9 -5,9 -7,9
7 T7 -5,6 -5,1 -6,6
8 T8 -5,9 -5,2 -6,5
9 T9 -5,7 -5,3 -6,7
10 T10 -6,1 -5,5 -6,8
11 T11 -6,1 -5,3 -7,1
12 T12 -6,1 -5,4 -7,2
13 T13 -7,0 -5,7 -7,8
14 T14 -7,0 -6,0 -7,6
15 T1S -6,9 -5,7 -7,9
16 T16 -7,6 -7,9 -9,2
17 T17 -1,3 -1,5 -8,6
18 TI8 -1,7 -8,5 -8,4
19 T19 -7.4 -8,3 -8,3
20 T20 -7,3 -7,4 -8,4

T17

T19 T20

Hinh 4. C4u tric 3D cuia dan chét thiazole trong trung tam hoat
dong cuia SARS-CoV-2 3CLpro.

ning tao lién két hydro tir d6 lam tang ning luong lién két
v6i enzyme (hinh 5). Pang cha ¥ 1 hai lién két hydro gitra
nguyén tir [uu huynh va nito trong khung di vong thiazole
voi nguyén tir oxy trong HIS163 va CYS145. Ngoai ra con
¢6 thém hai lién két hydro giita nhom -S=O véi H trong
CYS145 va SER144.

Hop chat T17 va T20 déu c6 ning luong tuong tac véi
enzyme SARS-CoV-2 3CLpro 1a -7,3 kcal/mol. Sy tuong
tac phu thudc chu yéu vao luc hut tinh dién gitra T17 va T20
v6i cac acid amin trong cAu triic ciia enzyme nhu asparagine,
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Hinh 5. T16, T19 twong tac (A), (B) trong tam hoat dong ciia SARS-CoV-2 3CLpro (C).

serine. V4i T19, két qua md phong cho thay, ning luong
tuong tac la -7,4 kcal/mol. Céac tuong tdc manh gitta T16,
T19 va SAR-CoV-2 3CLpro duoc thé hién rd trong hinh 5.
Céc tuong tac bao gom lién két hydro giira nguyén tir N cta
vong thiazole voi GLY 143, SER144 va lién két hydro giira
nhom carbonyl cta hop chat T19 v6i SER144, CYS145 va
THR26.

Trong cac dan chét thiazole dugc thir nghiém, T18 co
ning luong tuong tic manh nhét trong diy véi enzyme
SARS-CoV-2 3CLpro. Véi cau tric cta phan tir ciing nhu
su c6 mit cia mot sé6 nhom c¢6 kha nang lién két tot lam
tang nang luong lién két cua T18 voi enzyme (-7,7 keal/
mol, hinh 6). Bén canh céc lién két yéu nhu m-alkyl; ©-S
con c6 cac tuong tac, lién két manh nhu cac lién két hydro
cua CYS145, SER144, HIS172, THR26. Ngoai ra, Flo ¢o 1
electron doc than va c6 thé tao thanh lién két cho nhan véi
mot trong ba acid amin GLU166, PHE140 va HIS 172.

T18

Sa

Hinh 6. T18 twong tac (A), (B) trong tam hoat dong cua SARS-
CoV-2 3CLpro(C).

JHOAHOC | -

3.2. Sang loc do cdc thudc c6 ciu tric di vong thiazole di
dwoc FDA cap phép luu hanh

Trong qua trinh sang loc 4o, 20 thudc da duge luu hanh ¢o
mang khung di vong thiazole dugc dua vao trung tam hoat dong
cta 3 enzyme 3CLpro. Nang lugng tuong tac gitta khung di
vong thiazole va trung tdm hoat dong cla protein giup tim ra
dugc cac hop chit co kha ning trc ché hoat dong cua enzyme
thong qua co ché gin két tryc tiép vao tam xic tic (vi tri canh
tranh voi co chit cta enzyme). Nang luong lién két cia timg
thude voi cac enzyme SARS-Cov-2 3CLpro(E1), SARS-CoV
3CLpro(E2), MERS-CoV 3CLpro(E3) dugc tong hop ¢ bang 3.
Bang 3. Twong tac gira cac thudc cé khung thiazole déi vé&i
enzyme 3CLpro.

STT Tén thude E, (kcal/mol) E,(kcal/mol) E, (kcal/mol)

1 Mirabegron -6,0 -6,8 -7,8
2 Alpelisib -1,7 -7,2 -6,4
3 Cefiderocol -6,5 -6,5 -4.9
4 Isavuconazole -6,8 -7,1 -9,0
5 Edoxaban -8,6 -8,8 -9,7
6 Dabrafenib -8,7 -9,0 -9,8
7 Febuxostat -7,1 -8,6 -8,0
8 Ixabepilone -8,8 -8,7 -8,7
9 Dasatinib -7,4 -8,8 -8,5
10 Nitazoxanide -7,2 -7,7 -8,8
11 Pramipexole -5,2 -6,3 -6,9
12 Ritonavir =53 -4,1 -43
13 Aztreonam -8,4 -8,5 -7,7
14 Famotidine -7,1 -7,5 -83
15 Ceftaroline fosamil -8,9 -8,5 -9,7
16  Cefotiam -6,1 -7,7 -8,7
17  Ceftibuten -7,3 -7,8 -8,8
18  Cefdinir -7,4 -8,1 -8,3
19 Cefotaxime -7,1 -84 -9,3
20  Ceftizoxime -8,0 -8,3 -9,6




Két qua nghién ciu véi cac enzyme SARS-CoV-2
3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro c6 4
thudc cho thay nhiing ning lugng lién két thap nhat do la:
Edoxaban, Ixabepilone, Dabrafenib, Ceftaroline fosamil.
So sanh v&i cac hop chat co cdu tric phan tir nho & trén,
ca 4 thudc ndy déu cho thiy kha ning tuong tac tot hon
v6i enzyme 3CLpro. Trén dit liéu nghién ciru, két qua phan
tich cho thiy Edoxaban - mot thudc chong dong mau duong
ubng c6 niang luong twong tac véi SARS-CoV-2 3CLpro,
SARS-CoV 3CLpro, MERS-CoV 3CLpro lan luot 13 -8,6;
-8,8; -9,7 (kcal/mol), Su tuong tac phu thudc chu yéu vao
luc hut tinh dién gitta Edoxaban va cac acid amin trong cAu
tric cua enzyme nhu Asparagine va Serine (hinh 7).

Trong s6 cac thude co twong tac tdt v6i enzyme 3CLPro,
Dabrafenib cé nang lugng tuwong tac voi enzyme SARS-
CoV-2 3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro
lan luot 1a -8,7; -9,0; -9,8 kcal/mol. Cau triic cua phan t

Edoxaban

Hinh 8. Ixabepilone twong tac (A), (B) trong trung tam hoat dong
protein SARS-CoV-2 3CLpro (C).
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cling nhu sy ¢6 mat ciia mot s6 nhom c6 kha nang tao lién
két hydro ciing 1am ting ning luong lién két v6i enzyme
SARS-CoV-2 3CLpro (-8,7 kcal/mol trong hinh 7). Bén
canh céc tuong tic yéu nhu 77, 7-c, w-alkyl cht ¥ hon ca
1a lién két hydro giita NH proton v&i O trong Asn142 ngoai
ra c6 lién két gitra nguyén tir halogen flo véi acid amin
threonin 26.

Trong nghién cuu tuong tic cuia Ixabepilone voi 3
loai enzyme SARS-CoV-2 3CLpro, SARS-CoV 3CLpro,
MERS-CoV 3CLpro, két qua mé phong cho thiy, ning
luong lién két lan luot 1a -8,8; -8,7; -8,7 kcal/mol. Nhur
vay, Ixabepilone tuong tac tot voi ca 3 loai enzyme Corona
protease nay. Cac tuwong tdc manh cua Ixabepilone voi
enzyme SARS-CoV-2 3CLpro dugc thé hién trén hinh 8.
Trong d6 co lién két hydro giita oxy trong nhém CHO va
cystein 145, bén canh d6 con ¢6 3 lién két hydro ciia Glu166,
Gly143 va Cys145.

Dabrafenib

Hinh 9. Ceftaroline fosamil twong tac (A), (B) trong trung tam hoat
dong protein SARS-CoV-2 3CLpro (C).
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Ceftaroline fosamil, mot thudc khang sinh nhoém
cephalosporin cho thiy kha ning tuong tac manh voi
protein 3CLpro. Nang luong lién két véi 3 enzyme SARS-
CoV-2 3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro
lan luot 1a: -8,9; -8,5; -9,7 kcal/mol. Véi nang lugng lién
két -8,9 kcal/mol, Ceftaroline fosamil 1a thudc c6 tuong tac
t6t nhat trong tat ca cac thude dwoc sang loc ddi véi enzyme
SARS-CoV-2 3CLpro gy bénh COVID-19. Trong cau tric
ctia Ceftaroline fosamil vong 1,3-thiazole gan vao vi tri 3
ctia nhan cephalosporin va nhom oxime trong gdc acyl C7
chiu trach nhiém cho cac hoat tinh. Tuong tac manh cua
Ceftaroline fosamil dwoc thé hién 16 bang lién két hydro
gitia PO v&i H cia NH cua cystein 145. Nguyén tir oxy cua
asparagine 142 tao lién két hydro véi hydro ciia Ceftaroline
fosamil. Ngoai ra con c6 céc lién két hydro vai leucine 141
va serine 144 (hinh 9).

Két qua phan tich cho thiy, bang cach sang loc cac thudc
chira thiazole dugc FDA cép phép luu hanh, ching toi da
xdy dung dugc mot sé thude co kha ning tuong tac tot véi
SARS-CoV-2 3CLpro. Mot sé cau trac c6 nang lugng lién
két trong khoang -8,6 dén -8,9 kcal/mol. Nang lugng nay 16n
hon so v&i mot sé cau trac duge cong bd gan day, cho thiy
tiém nang st dung cac hop chat c6 khung di vong thiazole
v6i tac dung tre ché enzyme 3CLpro ciia SARS-CoV-2. Céc
thudc duge FDA cip phép luu hanh trén thi trudng cho thiy,
ai lyc v6i enzyme SARS-CoV-2 3CLpro tét hon cic manh
phan tir nho din chét cta thiazole dugc nghién ciru, c6 1& do
cac thude nay ngoai cac lién két twong tac ndi bat giira di
vong thiazole voi trung tam hoat dong cua protein, con co
su hd tro tuong tac ciia mot s6 nhom chire khac trong ciu
trac. Mat khac, enzyme 3CLpro 1a mdt protease chi c6 &
virus va khong twong ddng voi protease nao ctia ngudi nén
cac hop chat hudng e ché enzyme 3CLpro vira dugce danh
gia trong nghién ctu nay duoc ky vong s€ c6 tic dung chon
loc ddc hiéu, giam tac dung khong mong muén khi st dung.
Mo hinh docking phén tir dy doan dugc xay dung cho thay,
d6 chinh xac cao trong kha ning phan loai cac hop chét co
“hoat tinh” trc ché va khong cé hoat tinh rc ché enzyme nay,
1a tién dé cho cac nghién ctru sau hon trong viée thiét ké cac
hop cht 1am thuéc diéu tri COVID-19, cling nhu cac bénh
lién quan dén cac dong virus Corona khac.

4. Két luan

Nghién ctu sang loc 40 md phong tuong tac giita cac
dan chét c6 khung di vong thiazole v6i 3 enzyme 3CLpro
cua virus Corona, thong qua phuong phap 3D docking phan
tr 3 duge thuc hién, v6i 40 dan chat khac nhau, bao gém
cac thudc dd duoc luu hanh ciing nhu cac hop chit dang
trong qué trinh nghién ciru tién 1am sang. Nhém nghién
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ctru da xay dung duoc mot s6 khung thiazole cé kha ning
tuong tac t6t voi SARS-CoV-2 3CLpro, trong d6 mot s cau
trac ¢6 nang lugng lién két trong khoang -7,3 dén -9 kcal/
mol. Cac hop chét di vong thiazole T, -T, va ddc biét la cac
thude c6 khung thiazole da dwgc FDA cép phép luu hanh
la Edoxaban, Ixabepilone, Dabrafenib, Ceftaroline fosamil
thé hién tuong tic manh nhit v6i enzyme 3CLpro cua 3
loai virus Corona dugc nghién ctru, gop phan khing dinh
khung di vong thiazole la mét trong cac khung di vong c6
tuong tac tdt, co i lwc manh, kha nang gén két 6n dinh vao
vi trf xtic tac ciia protein. Nghién ctru cho thiy, tiém niang dé
phat trién cac dan chat mang khung di vong thiazole hudng
trc ché 3CLpro va e ché su phat trién cua virus Corona.
Két qua nay déng vai trd quan trong trong viéc nghién ciru
va phat trién cac thudc khang virus va diéu tri COVID-19
thong qua tc ché enzyme 3CLpro cta virus. Tuy nhién,
nghién ctru docking phan tir con mét sé han ché, nhu viéc
chua danh gia dugc tuong tac gitta cac hop chét cé tiém
nang voi trung tm hoat dong cua protein khi protein ¢ dang
linh dong. Do vy, can tién hanh thém céc nghién ctru mo
phong ADMET in silico, nghién ctu thtr nghiém moé phong
dong luc hoc phan tir (molecular dynamics simulations) va
cac nghién ctru thuc nghiém in vitro, in vivo dé danh gia
lai két qua sang loc, chiing minh hoat tinh mot cach chinh
xac hon. Pong thoi nhom nghién ciru dé xuit nghién ciru,
phat trién cac dan xudt mang khung di vong thiazole v&i cac
nhém chire khac nhau dé tang cuong hoat tinh, véi muc dich
phat trién thudc méi diéu tri COVID-19 trong twong lai.
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Nghién ctru 1y thuyét sw hap phu
cac phan tir hiru co' dé€ bay hoi trén bé mat MoSe,
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Tom tit:

Viéc hiéu co ché hip phu cic phén tir trén bé mit vt liéu nhu dichalcogenide kim loai chuyén tiép ¢é ¥ nghia quan
trong dé danh gia diy di cac hién twong bé mit ciing nhw tinh chét dién tir ciia vat liéu. Trong nghién ciru nay, tic
gia str dung cac tinh toan héa hoc lwgng tir dé khao sat chi tiét su twong tac giira cac hop chit hiru co dé bay hoi
(VOC) trén bé mit MoSe,. Cac cau hinh héip phu dwoc lam bén béi twong tac Se- - - H/C/O. Két qua cho thiy, sy hip
phu cac phén tir trén bé mat MoSe, dugc danh gid l1a hap phu vat ly yéu. Kha ning hap phu ciia cac phén tir trén
MoSe, giam din theo thit ty C.H OH>C H >C,H,CHO>H,COCH>C,HNH,. Cac phan tich nguyén tir trong phén
tir (AIM) va orbital lién két thlch hop (NBO) chl ra riang, cac tu'(rng tac ngoal phéan tir Se* - - H/C/O déu thudc loai
tuong tac yeu va c6 ban chét khong cong hoa tri. Két qué dat dugc cho thay, MoSe, dang don l(rp c6 kha nang cam
bién tét ddi véi cac VOC. Thoi gian tai tao bé mat MoSe, trong cac hé khao sat & nhlet do phong rat nhanh. Nhir vy,
MoSe, don 16p dwgc mong dgi co tiém nang trong ung dung cam bién céc hop chit VOC.

Tir khéa: hop chit hiru co dé bay hoi, Iy thuyét phiém ham mat do, MoSe,, sw hip phu, twong tac bé mit.
Chi 56 phdn logi: 1.4,2.4,2.5

Theoretical study on the adsorption
of volatile organic compounds on MoSe, surface
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Abstract:

Understanding the adsorption mechanism of molecules on material surfaces, such as transition metal
dichalcogenides, is of great significance for fully evaluating insights into phenomena and electronic properties on
material surfaces. In this work, we conducted quantum chemical calculations to investigate the interaction between
volatile organic compounds (VOC) and MoSe, surface in detail. The Se---H/C/O intermolecular interactions
contribute to stable adsorption configurations. Results indicate that the process of molecules adsorbed onto MoSe,
is evaluated as weak physical adsorption. The adsorption ability of molecules on MoSe, decreases in the order of
C,H OH>CH >C H,CHO>H,COCH,>C HNH,. The atoms in molecules (AIM) and natural bond orbital (NBO)
analyses reveal that the Se- - - H/C/O intermolecular contacts are weak interactions and are non-covalent in nature.
The obtained results indicate that the MoSe, monolayer has good sensitivity for volatile organic compounds. The
recovery time for the MoSe, surface in the investigated systems is speedy after adsorption at room temperature.
Therefore, monolayer MoSe; is anticipated to be a promising candidate for sensing applications involving VOC.

Keywords: adsorption, density functional theory, MoSe,, surface interaction, volatile organic compounds.
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