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Tom tat

Pai dich COVID-19 do coronavirus 2 (SARS-CoV-2) gay ra héi ching hd hdp cap
tinh nghiém trong ddn dén nhu cdu cdp thiét vé cac ligu phap khang vi-rat hiéu qua.
Papain-like protease (PLpro) da duwoc xdc dinh 1a muc tiéu day hira hen dé phéat trién
thuéc do c6 vai trd quan trong trong qué trinh nhan 1én cia vi-rit va lam gidn doan
phdn ing cua vdt chi. Nghién cizu da thuc hién qué trinh docking trén PLpro. Tong
cong c6 1184 hop chdt c6 khung chalcone diroc sang loc qua md hinh docking. Trong
nghién ciu ndy da xdc dinh dwoc 3 hop chat tiém néng trong viéc irc ché PLpro. Phan
tich sdu hon cho thdy rang hop chdt CID101544859 tao duroc mét lién két hydro véi
Thr30 va CID101585417 twong tac voi Leul62, Aspl64d, Pro248, Tyr264, Tyr268 thdng
qua lién két hydrophobic. C&c hop chat nay c6 thé dwoc danh gid thém théng qua cdc
nghién cizu in vitro va in vivo dé xdc dinh hiéu qud cia ching trong viéc iz ché PLpro.
Nhizng phat hién nay cung cap thong tin cé gid tri vé cac chdt ic ché tiém nang va cdc
twong tdc giga ligan véi PLpro cd thé tao diéu kién thudn loi cho viéc phét trién céc
phirong phdp diéu tri COVID-19.

Tir khéa: COVID-19, docking phan ti#, papain-like protease, SARS-CoV-2
Abstract

MOLECULAR DOCKING FOR VIRTUAL SCREENING OF POTENTIAL
SARS-CoV-2 PAPAIN-LIKE PROTEASE INHIBITORS

The curent COVID-19 pandemic caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has led to an urgent need for effective antiviral therapies.
The Papain-like protease (PLpro) has been identified as a promising target for drug
development due to its crucial role in viral replication and immune evasion. The study
performed docking process on PLpro. Virtual creening from 1,184 chalcones were
conducted based on the developed molecular docking. In this study, we identified 3
several compounds for PLpro inhibitors. Further analysis revealed that CID101544859
form a hydrogen bond with Thr30 and CID101585417 interact with Leul62, Aspl164,
Pro248, Tyr264, Tyr268 through hydrophobic bonding. These compounds can be
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further evaluated through in vitro and in vivo studies to determine their efficacy in
inhibiting PLpro. These findings provide valuable insights into the potential inhibitors
and the molecular interactions between ligan and PLpro may facilitate the development
of novel therapeutics for COVID-109.

1. it van dé

Vao thang 12/2019, sy bung phat mot bénh viém phdi da duoc béo céo ¢ Vi Han,
Trung Quéc. Sau khi dugc phan lap di xac dinh bénh viém phéi nay do nhidm mat loai
coronavirus méi gay triéu chang hd hap cap tinh nghiém trong (Zhou va nnk., 2020;
Takashita va nnk., 2022) va dugc T6 chic Y t& Thé gioi (World Health Organization)
goi 1a COVID-19 do SARS-CoV-2 (Severe Acute Respiratory Syndrome 2) gy ra. Dén
nay, di ghi nhan hon 762 triéu ca nhiém COVID-19 va s6 ngudi tir vong vi dai dich da
Ién ti gan 7 triéu nguoi (World Health Organization, 2022).

Pai dich COVID-19 dién bién tiép tuc do vi-rat SARS-CoV-2 lién tuc thay doi
dan dén xuit hién nhiéu bién thé. Cubi nim 2020, cac bién thé alpha (B.1.1.7), beta
(B.1.351) va gamma (P.1) lan luot xuat hién & Anh, Nam Phi va Brazil. Tiép theo la
bién thé B.1.1.529/0Omicron xuét hién dau tién & Chau Phi vao cudi nam 2021. Bién thé
Omicron c6 kha nang truyén nhiém cao, sb lugng protein dot bién 16n, vi thé né nhanh
chéng tro thanh bién thé pho bién toan cau (Barouch, 2022). Nhimng dot bién ¢ bién thé
méi lam tang ty 1& mac bénh va tir vong va c6 kha nang 1am giam hiéu qua diéu tri cua
cac thude diéu tri va vac-xin hién c6 (Vasireddy va nnk., 2021). Hién tai, da c6 nhiéu
nghién ctu phat trién cac loai vic-xin bao vé co thé chong lai sy xam nhap cua vi-rut
SARS-CoV-2, trong d6 co6 hai loai vic-xin méi 1a vac-xin mRNA va vic-xin vecto Vi-
rit dang dwoc nhidu nudc st dung. Vic-xin 1a bién phap phong bénh COVID-19 tét
nhét, tuy nhién vac-xin ton tai nhidu nhugc diém nhu hiéu qua chang ngira ngan, can
lidu tang cuong, phan &ng di wng gay soc phan vé, tac dung phu lau dai chua duoc
nghién cttu (Pourkarim va nnk., 2022). Céc chién lugc diéu tri cho cac bién thé SARS-
CoV-2 méi bao gom: Liéu phap mién dich, cac peptid ngin chin tuong tac giita ACE-2
va SARS-CoV-2, cac protease dic hiéu, cac enzym giéng furin, cac thuéc khang vi-rat
va cac phuong phap khac nhu sir dung RNA cua vi-rat can thiép nho. Cac loai thubc
khang vi-rat duoc coi 1a tiém ning truéc day nhu Remdesivir (da duoc FDA chap thuan
dé str dung diéu tri bénh nhan nhidm SARS-CoV-2), Hydroxychloroquine, Lopinavir va
Interferon, khdng c6 hoic it anh huong dén bénh nhan COVID-19 nhap vién trong cac
thir nghiém 1am sang toan cau caia WHO (WHO Solidarity Trial Consortium, 2021). Do
d6, can nhanh chong tim ra phuong thire didu tri COVID-19 hiéu qua la cap thiét.

La mot vi-rat RNA bén trong vo cua virion la nucleocapsid soi don, SARS-CoV-2
ma hoa hai protease chirc nang la PLpro va Mpro (3Clpro). Chic nang chinh cua Mpro
la phan cat cac polyprotein cua vi-rat, day la yéu té quan trong dbi vai su truang thanh,
sao chép va xam nhap cua vi-rut (Ma va nnk., 2020). PLpro (hay con goi la papain-like
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protease hay nsp3, EC 3.4.22.46) cung vai 3CLpro (3-chymotrypsin hoac np5), tao
thanh phirc hgp RTC dong vai tro quan trong trong viéc xir ly cac protein thanh céac
protein chirc nang cua vi-rat. PLpro cha yéu dam nhiém thay phan lién két peptit nhom
cacboxyl cua glycine tai cac protein khdng ciu tric Nspl, Nsp2 va Nsp3 (Puckey va
Pharm, 2022). Bén canh d6, PLpro ma hoda cic hoat dong xuc tac cua enzym
delSGlating (delSGyl) va deUbiquitinating (DUB), gép phan vao viéc &c ché phan tng
mién dich bam sinh bang cach tac dong trén cac con duong tin hiéu IFN-p va NF-kB
(Devaraj va nnk., 2007). PLpro véi chirc nang chinh nhu can cho qué trinh vi-rat truong
thanh, gy rbi loan phan ng viém cua vat chu gidp vi-rat tranh khoi hé thdng mién dich
cua vat cha (Baez-Santos va nnk., 2015). Cho nén, viéc phat trién cac loai thudc diéu tri
dich vao Mpro, PLpro c6 thé mo ra mot huong khang vi-rdt tiém ning trong diéu tri
COVID-19 (Liu va nnk., 2020). Céc loai chalcone tong hop ciing nhu ti nhién da duoc
chtng minh s¢ hitu cac hoat tinh sinh hoc phong pha nhu: hoat tinh khang ung thu
(Fogaca va nnk., 2017), diéu hoa mién dich (Lee va nnk., 2015), khang viém (Herencia
nnk., 1998), khang khuan (Okolo va nnk., 2021), khang vi-rat HIV (Lee va nnk., 2015),
cim A (Herencia va nnk., 1998), rubella (Okolo va nnk., 2021) va dac biét la hoat tinh
rc ché RNA polymerase phu thuoc RNA cua vi-rit SARS-CoV-2 (Duran va nnk.,
2021). Ngoai ra, cac hop chat chalcone nay ciing ¢ ché viéc san xuat nhiéu cytokine
nhu TNF - o, IL - 1P, IL - 6, va IkB kinase (IKKs) - mot trong nhitng chat diéu hoa thiét
yéu cua con duong nuclear factor kappa B (NF- kB), hay con duogc biét dén la chat
trung gian trung tdm cua cac phan wng mién dich va phan ang viém. Céac chalcones thé
hién hoat dong tc ché NF- kB bang cach bién ddi cong héa tri cua cac protein IKK
(Pahl, 1999). Qua d6 c6 thé thay rang viéc tim kiém céc hoat chét chalcone c6 kha niang
rc ché PLpro vira ¢6 thé ngan chin sy nhan 1én cua vi-rat, vira ting cudng hé thong
mién dich cua vat chu, ngoai ra con gop phan han ché con bao Cytokin gitip bénh nhan
hoi phuc nhanh chéng.

Do d6, nghién ctru nay duoc tién hanh véi muc tiéu sang loc dugc cac chat wc ché
PLpro tir dit liéu cac hop chat chalcone bang phuong phép str dung mé hinh docking dé
dap ung nhu cau kham phéa ra thubc, thay thé cac loai thudc hiéu qua trong diéu tri
COVID-19.

2. Phwong phap nghién ciru

Pé tién hanh sang loc 40, Mot quy trinh cc budc tién hanh dugc trinh bay ¢ Hinh
1. Trong nghién ciu ndy da sir dung di liéu dé sang loc 1a thu vién 1184 hop chét co
khung chalcone duoc Iy tir thu vién Pubchem (https://pubchem.ncbi.nlm.nih.gov/) véi
tir khoa tim kiém “Chalcone” va “Chalcone subtance”. C4c chat dugc luu ¢ dinh dang
* sdf va chuyén sang dinh dang *.mdb bang phan mém MOE 2015.10. Sau d6 cac hop
chat s& duoc tién hanh sang loc va danh qua két qua théng qua mé hinh gan két phan tir
(md hinh docking).
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Hinh 1. Quy trinh cdc buéc tién hanh xay dung va danh gid mé hinh docking
2.1. Chudn bj co sé di# ligu docking va cau tric SARS-CoV-2 PLpro

/0

/G

Dé chuan bi ligand cho qua trinh sang loc 40 bing docking phan tir, cac chat sau
khi duoc tai Vé tir cac thu vién s& duoc téi thiéu hoa ning luong nham tim ra ciu dang
c6 muc nang luong thap nhat. Viéc tdi thiéu hoa nang lugng duoc thyc hién bang cong
cu Energy Minimize cia phan mém MOE 2015.10 véi thong sé Gradient = 0.0001
kcal/mol. Sau khi duoc chuan bj xong céc chat s& dugc luu lai dudi dang file *.pdb.

Tai thoi diém nghién ctu, cau trdc tinh thé caia SARS-CoV-2 PLpro duoc chon dé
docking trong nghién ciru nay duoc tai tir Protein Data Bank (PDB: 7JN2) vai d6 phéan
giai dat tiéu chuan < 2 A (1,93 A), véi sy c6 mat cua ligand dong két tinh
PLP_Snyder441. Cau trac nay dugc dua vao MOE 2015.10 loai bo céc phan tir nuéc va
c4c ion khac ra khoi protein. Sau do, protein dugc chuan bi bang cong cu Quickprep cua
phan mém MOE 2015.10 véi cac qué trinh: Protonate: proton héa va tich dién cho céac
acid amin cua protein; Tether va fix: c&c nguyén tir trong protein dugc xac dinh vung
khong gian chuyén dong nham dam bao cac nguyén tir khong léch qué xa so véi toa do
ban dau; Refine: tbi thiéu héa niang luong cho protein, gia tri RMSD Gradient duoc
nhap vao 1 0.0001 kcal/mol/A. Sau khi dwoc chuan bi bang cong cu QuickPrep, protein
dugc Iuu dudi dang file *.pdb.

2.2. Xdc dinh binding site va molecular docking

Céu trdc cia SARS-CoV-2 PLpro sau khi duoc chuan bi biang phan mém MOE
2015.10 duoc dua vao phan mém AutoDock dé xay dung khoang gan két. Khoang gin
két dugc xac dinh bang cach maé rong mot ban kinh thich hop tir vi tri phdi tir 1a ligand
PLP_Snyder441 dé tao thanh mé hinh docking phan tir. Phéi te PLP_Snyder441 vira 13
mot chat tc ché thuan nghich vira gép phan dé xac dinh active site cuaa SARS-CoV-2
PLpro.
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Sau khi di xac dinh xong binding site, tién hanh thuc hién qué trinh redock dé
danh gia “do 1ap lai” va gop phan ching minh viéc lra chon céc théng s cho khoang
gin két 1a hop ly. Két qua redock duoc thé hién qua vj tri ligand trong khoang, diém s
docking va chi s RMSD (Root-mean-square deviation) cua cac cau dang phan ti. Gia
tri RMSD thé hién duoc phan nao do léch caa phdi tir so véi ligand tham chiéu ban dau
trong phac hop dong két tinh véi PLpro. Gia tri RMSD cang nhé cang ching to duoc
cau dang cua phdi tir cang gan vai ligand tham chiéu va md hinh duoc danh gia 1a dang
tin cay khi gia tri RMSD cua cac poses khong qua 2 A (Trott va Olson, 2020). Qua trinh
docking duoc tién hanh véi cac bude tuong ty qué trinh redock bao gdm chuan bi ciu
trac protein va ligand, xac dinh va xay dung binding site, thuc hién docking phéi tir vao
khoang gan két cua protein. Két qua cua qué trinh docking dugc danh gid qua diém s6
docking (don vi kcal/mol). Biém sé docking cang am thi chét cang ¢ tiém ning gin két
manh v&i enzym. Ngoai ra, twong tac hinh thanh duoc giira céc phdi tir va protein ciing
duoc phan tich bang phan mém MOE 2015.10. Cac tuong tac thudong gap nhét co thé ké
dén lién két hydro, lién két ion, lién két Ky nudc va tuong tac van der Waals.

3. Két qua va ban luan
3.1. Két qud redocking va md hinh docking phan ti

Hinh 2. A) Vi tri cia ligand gac va két qua redocking trong khoang gan két (trong dé
ligand géc c6 mau xanh, ligand redocking c6 mau hong); B) Twong tdc giira ligand goc
véi cac acid amin trong khoang gdan két ciia PLpro ciia SARS-CoV-2; C) Tuong tdc giia

ligand redocking véi céc acid amin trong khoang gdan két ciia PLpro ciia SARS-CoV-2
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Két qua redocking cho thay mé hinh gan két phan tir ¢6 thé sang loc va cho két
qua dang tin cay khi thé hién chi s6 RMSD 1a 0.57A (nho hon 2A). Biém sb docking
cua model tot nhat dat duoc 1a -9.907kcal/mol, véi vi tri ligand nam gon trong khoang
gan két va hinh thanh duoc céc lién két véi cac acid amin gan nhu tuong dong Voi
ligand d6ng két tinh nhu twong tac hydrophobic véi Aspl64, Pro248, Tyr264, GIn269
hay tuong tac hydro véi cac acid amin Asp164, GIn269, Tyr273. Tir vi tri caa phéi tir
tham chiéu PLP_Snyder441, mot khoang gan két bén trong thu thé PLpro da dugc mo
rong mot cach hop 1y dé thu dugc md hinh docking phan ti. Céc thong sé cu thé cua md
hinh lan luot 13 vi tri trong khong gian (Center X: 51,4 Center_Y: 31,92 Center Z: -
2,31), kich thudc hop (Size_X: 14,91 Size_y: 17,49 Size_Z: 14,04) va Spacing = 1.

3.2. Sang lgc bang docking phan tz

Cac chat sau khi duoc luu dudi dang *.pdbqt s& dugc chuyén vao mot thu vién
chung dé chuan bi cho qua trinh docking. Viéc sang loc qua md hinh docking chi duoc
tién hanh sau khi da chuan bi (prepare) day du protein, ligand va config (théng sé
binding site). Két qua thu dugc 100% céc chat dock thanh cong (1184/1184 chat) vao
binding site cia PLpro véi diém sé cu thé duoc thé hién ¢ hinh 3. Cac chit s& dugc
danh gia va phan tich kha nang twong tac vdi cac acid amin caa protein so vai ligand
dong két tinh. 3 chit co diém s tét nhat va cé tuong tac tt voi PLpro dugc lya chon dé
tién hanh cac phan tich tiép theo.
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Hinh 4. M6 hinh gan két 3D cia CID101544859 véi PLpro
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Dan chit CID101544859 nam gon trong khoang gin két voi diém sé docking 1a
-9,76kcal/mol. CID101544859 tao dugc mot lién két hydro véi Thr301 va céc gbc ky
nuée Véi Leul62, Aspl64, Pro248, Tyr264, Tyr268, GIn269. Trong d6 c6 rat nhiéu lién
két vé6i cac acid amin trong ddng vai lién két cua ligand redock, gop phan 1am ting tac
dong gan két caa no trén protein dich.

CI1D101585417

Hinh 5. M hinh gan két 3D cia CID101585417 véi PLpro

Dan chat CID101585417 nam gon trong khoang gan két va co diém sb docking
-9,75kcal/mol. Tuong tu véi CID101544859, dan chat nay ciing tao dwoc mot lién két
hydro véi Thr301 va céc gdc ky nudc ciing twong tac voi Leul62, Aspl64, Pro248,
Tyr264, Tyr268 thong qua lién két hydrophobic, dong thoi ciing tao duoc lién két hydro
va lién két n-Stacking véi Thr301 va Tyr268. Véi nhiing lién két vai cac acid amin twong
dong vai chat dbi chiéu thé hién tiém nang hoat tinh cao ctia CID101585417 véi PLpro.

C1D102120512

Hinh 6. Md hinh gan két 3D cia C1D102120512 véi PLpro
Chét cudi cing trong tap tiém ning, CID102120512, c6 diém sé docking la -9,705
kcal/mol va c6 vi tri nam kha néng trong khoang gan két. Tuy nhién, ligand nay chi
hinh thanh dugc mét lién két hydro nao véi cac acid amin Arg166 cua PLpro nhung lai
hinh thanh duoc rat nhiéu lién két ky nuéc véi Aspl64, Glul67, Pro247, Tyr268,
GIn269, Thr301 va hinh thanh duoc véi Tyr264, Tyr268 céac lién két n-Stacking gop
phan 1am 6n dinh khoang gén két.
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4. Ban luan

So sanh vai cac nghién ciru trude day, nghién ciru nay da thanh cong trong viéc
xay dung md hinh in silico bang phuong phap docking tir d6 gbp phan sang loc duoc
c4c hop chat ty nhién cé tiém ning trong viéc uc ché PLpro cua SARS-CoV-2
(Valipour, 2022). Ddi véi SAR, diém chung caa cac chat ndm trong nhom dau co diém
sb docking tét nhat déu duoc bd sung cac nhém thé vao ciu tric chung cua chalcone &
vi tri vong kép A va B. Di vong pyran va cac vong thom phenyl, benzyl dugc thém vao
g6p phan hinh thanh lién két ky nuéc véi cac acid amin quan trong cua vi tri lién két
gom: Aspl64, Argl66, Tyr264, Tyr268, Tyr273 (twong tu nhu két qua redock cua qué
trinh dong két tinh). Tuy nhién, van can phai tién hanh thém cac mo hinh in silico khac
nhu ADMET, MDs hay pharmacophore, ... ciing nhu tién hanh in vitro dé c6 thé khang
dinh tiém ning lam thudc cua cac hop chat ty nhién din xuét chalcone.

5. Két luan

Tur dit liéu 11 chat e ché thuan nghich SARS-CoV-2 PLpro, nghién ciru da lwa
chon dugc ma PDB: 7JN2 phu hop dé xay dung mé hinh gan két phan ti. 1184
chalcone va céc dan xuat da duoc sang loc qua mo hinh dugc xay dyng trén khoang lién
két ctia PLpro va chét tc ché PLP_Snyder441. Két qua thu dugc 3 hop chét tiém ning
trong viéc ¢ ché protein dich. Nghién ciru s& tién hanh thyc hién mé phong dong luc
hoc phén tir va cac thi nghiém in vitro dé c6 thé danh gia sdu hon vé kha nang lam thudc
va ung dung trong diéu tri COVID-19.
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