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Molecular docking plays a crucial role in drug discovery by predicting
the binding modes and affinities of small molecules with target
proteins. This paper provides a comprehensive tutorial on molecular
docking using PyRx tools, an open-source software with a user-friendly
interface compatible with various operating systems. Specifically
tailored for the first time in Vietnamese, this tutorial elucidates the
step-by-step process of preparing data, conducting docking simulations,
and analyzing results within the PyRx environment. Subsequently, the
methodology is applied to predict the interactions of chalcone
compounds against SARS-CoV-2 PLP™. Notably, the obtained results
demonstrate a high correlation with RMSD values consistently below
1.5 A, indicative of structural similarity with published crystallographic
data. This manuscript highlighted the reliability of the PyRx-based
molecular docking approach and its efficacy in virtual screening and
drug discovery efforts. This was particularly valuable in identifying
novel therapeutic agents against emerging viral threats, which
demonstrated the potential to significantly advance antiviral research.

HUGNG DAN TUNG BUGC THUC HIEN DOCKING PHANTU
BANG CONG CU MIEN PHI PyRx 0.8 VA DU'POAN TUONG TAC CUA
CAC DAN XUAT CHALCONE-AMIDE CHONG LAI PLPRO SARS-COV-2
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Docking phan tir dong mot vai trd quan trong trong viéc phat trién
thudc bang cach du doan cac cau hinh va ai luc lién két cua cac phan
tr v6i protein/thy thé muc tiéu. Bai béo nay cung cap huéng dan chi
tiét vé cach thuc hién docking phan tir bang cong cu PyRx - mot phan
mém ngudn ma mé cé giao dién than thién voi nguoi dung, tuong
thich véi nhiéu hé diéu hanh khac nhau. Pay 1 tai liéu bang tiéng Viét
dau tién huong dan sir dung cdng cu PyRx, huéng dan quy trinh ting
budc chuén bi, tién hanh mo phong Idp ghép va phan tich két qua. Sau
d6, phuong phap nay dwoc ap dung dé du doan cdu hinh twong tac cua
cac hop chat chalcone-amide chéng lai PLP® SARS-CoV-2. Két qua
thu dwoc cho thay mdi twrong quan cao, gia tri RMSD ludn dudi 1,5 A,
diéu nay thé hién su twong dong cau trdc so vai dir liéu tinh thé hoc da
dugc cong bd. Bai bao nay néu bat do tin cdy cia phuong phap
docking phan tir dya trén cdng cu PyRx va tinh hiéu qua trong nghién
ctru sang loc a0 va khdm pha thude. Piéu nay dic biét hitu ich trong
viéc xéac dinh cac tac nhan tri liéu chdng lai cac mdi de doa boi cac
virus mai ndi va cho thiy tiém nang thuc ddy nghién ctu vé cac tac
nhan chbng virus méi trong twong lai.
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1. Giéi thiéu

Trong béi canh dich bénh toan cau do virus SARS-CoV-2 gay ra, nhu cau tim kiém cac
phuong phéap hiéu qua dé phat trién cac loai thubc chdng lai COVID-19 1 cap béach va can thiét
[1]. Trong linh vuc nghién cau thude, docking phan tr (molecular docking) da tro thanh mot
cdng cu quan trong dé du doan tuong tac gilra cac phan tir tiém nang va cac protein myc tiéu, tur
do dinh hudéng va hd tro cac phuong phéap diéu tri méi [2], [3]. Nhiéu nghién ciu gan day da st
dung cac két qua truc quan hoa tir docking dé dién giai co ché twong tac giira thudc va muc tiéu
diéu tri, hd trg dinh hudng phat trién tri liéu nham muc tiéu [4]-[9]. Bang cach két hop kién thirc
vé Cau trdc phan tir va tinh toan, nghién ctru nay s& huéng dan timg budc trong qué trinh chuan bi
dir liéu, thuc hién docking va phan tich két qua, giup nguoi doc, nguoi nghién cau hiéu rd cach
thirc hoat dong ciing nhu tng dung cua docking phan tir trong nghién ciru thiét ké thudc. Nghién
ctru nham muyc dich cung cap mot hudng dan day di, chi tiét va toan dién vé quy trinh thyc hién
docking phan tir dya trén bo cdng cu mién phi PyRx phién ban 0.8. Hién tai, da c6 hon 2600 trich
dan nghién cau st dung PyRx cho cong viéc hd trg md phéng tuong tic phan tir véi cac muc tiéu
diéu tri bénh [10]. Phan miém hd trg docking phan ti PyRx 0.8 c6 giao dién d& st dung va kha
ning twong thich v6i nhiéu hé diéu hanh, da thu hat sy quan tm caa cong dong nghién ciru trong
viéc thyc hién phuong phap docking phan tir [10]. Bén canh d6, nghién ctru nay mo ta mot ung
dung cu thé cua docking phan tir trong du doan tuong tac cua mot sé dan xuit chalcone-amide
chéng lai papain-like cysteine protease (PLP®) SARS-CoV-2. PLP® duoc cho la c6 vai tro quan
trong trong qué trinh phat trién cua virus [11]. Nhiéu chtic ning quan trong caa PLP® khién no tro
thanh mot muc tiéu tiém niang cho viéc phat trién thudc chdng lai COVID-19 [12].

K& tir khi con nguoi tiép xuc véi dich bénh SARS va MERS coronavirus trong hai thap ky
qua, nhiéu cau tric hoa hoc da dugc xac dinh c6 tac dung e ché dang ké chdng lai cac loai virus
nay [13]. Trong sb cac ciu trac da dang nay, cac hop chat co khung chalcone-amide c6 tac dung
{rc ché PLP™ virus 1a mot trong nhitng hop chét htra hen timg dwoc béo cdo. Chalcone-amide (N-
benzylbenzamide) |a chét tuong tu chalcone thu dugc bang cach thay thé nguyén tir carbon tai vi

tri o bang nguyén tir nitrogen (Hinh 1).
(o] o]
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Hinh 1. Cdu tric chung cua chalcone-amide va dai dién cac dan xudt c6 kha ndang ic ché SARS-CoV-2

Hop chit dua trén chalcone-amide dau tién duoc xéac dinh c6 tac dung tc ché chdng lai PLP™
SARS-CoV di duoc xac dinh bang sang loc théng lwong cao (high-throughput screening) dua
trén mot thu vién da dang vé cau trdc gom 50080 hop chat [14]. Mot s6 nghién cizu con cho thay
hop chat chalcone-amide chéng lai virus rhovirus & nguoi (HRV). CPI-169 1a chét wc ché EZH2
(enhancer of zeste homolog 2) gan day dugc phét hién c6 hoat tinh tc ché déi véi enzyme PLP™
cia SARS-CoV-2 (ICs = 7,3 uM) [15]. Entrectinib 12 mét loai thudc chdng ung thu dugc FDA
phé chuan gan day, da duoc Garcia va cong su dé xuat nhu mot chat uc ché SARS-CoV-2 trong
té bao mo phdi ciia con ngudi hiéu qua [16].

Béng cach sir dung PyRx phdi hop véi thong tin vé ciu tric phan tir cac chat tc ché, nghién
ctru nay hy vong s& cung cap nhiing théng tin quan trong va chi tiét vé cach cac phan tir
chalcone-amide tuwong tac v6i PLP, tao ra mot co sé viing chac cho viéc phat trién cac loai thube
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chong COVID-19 higu qua. Pac bigt, ddy s& la tai ligu huong dan bang tiéng Viét du tién hira
hen sé hitu ich danh cho céc nghién ctru dinh huéng tng dung két hop Hbéa-Sinh-Tin hoc.
2. Phwong phap nghién ciu
2.1. Yéu cau can thiét
Pé thuc hién dugc nghién ctru docking phan tir, méy tinh can dugc cai dat mot sé phin mém nhur:
e PyRx0.8: @) PyRx (https: //pyrx sourceforge.io/home)

o  Discovery StudioVisualizer: E2 DiscoveryStudio

(https://discover.3ds.com/discovery-studio-visualizer-download)

Ngoai ra, can thiét cai dat thém mot s phan mém bé tro nhu Open Babel, GaussView,
Chimera, Gaussian, Chem 3D va PyMol.

Nghién ciru nay duoc thuc hién trén may tinh Dell, Intel® Core™ i5 thé hé 11, RAM 16gb, bo
nhd SSD 512gb, trang bi card dd hoa NVIDIA GeForce 4gb.

2.2. Chudn bj thu thé (enzyme/protein)

Céu tric PLP® SARS-CoV-2 dugc tai vé tir RCSB (Research Collaboratory for Structural
Bioinformatics) véi ma dinh danh 7CJM [17]. Cau trac dai phan te sau d6 duoc xir ly bang
Discovery Studio Visualiser.

2.3. Chudan bj phéi ti (ligand)

Phéi tir duoc tai vé tir Pubchem (https://pubchem.ncbi.nim.nih.gov/) hodc dugc v& bing
chem3D. Sau d6 céc phoi tw duoc toi wu héa cau truc bang ly thuyet phiem ham mat d6 (DFT/6-
31G(d)) trén Gaussian. C&c cau tric dugc luu dudi dinh dang *mol2 bang Open Babel trudc khi
thuc hién buéc docking phan tir.

2.4. Docking phan ti#

Docking phén tir dwoc thyc hign bang cong cu PyRx 0.8 [10]. Cac thdng so cai dit dugc thuc
hién theo nhu khuyén ’nghi tir nha san xuat. VVung khéng gian thuc’hién gan ket c6 tam dat ta_}i Vi
tri chat irc che dong ket tinh. Qua trinh m6 ta cach thyc hién chi ti€t duoc trinh bay trong Phéan 3
(Két qua va ban luan), tiéu muc 3.1.

2.5. Xir Iy diF ligu

Két qua docking duoc tryc quan hoa va hién thi bang Discovery Studio Visualizer. M6 hinh

redocking duoc danh gia tét nhat khi c6 gia tri RMSD < 2 A.
3. Két qua va ban luan
3.1. Huwéng dan theec hién docking phan ti bang cong cu mién phi PyRx 0.8

Budc 1: Truy xuit tép protein.pdb tir co sé dit liéu protein data bank (Hinh 2-3).
¢  Truy cap website https: /lwww.rcsb.org/.

c? Nha roteln/enz me Can tru Xuat “SARS CoV 2 PLP“”’

Hinh 2. Truy xudt proteln/enzyme tw co s¢; de liéu Hinh 3. Tdi cdu trac protein/enzyme tir co s¢ dir
RCSB (https://www.rcsb.org/) licu RCSB (https://www.rcsb.org/)
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¢  Chon protein/enzyme c6 ma dinh danh phu hop véi nghién cau (nghién cau lya chon 1D
PDB 7CJM).

¢ Click “Download files” - PDB format.

Ghi ch: File PDB tai vé ¢ dinh dang *.rar

(EE 7¢m) nén can duoc giai nén dé st dung cho budc tiép theo.

Budc 2: Xir ly ciu tric protein/enzyme bang Discovery Studio Visualiser (Hinh 4-5).

@ Mo file ciu tric PLP® SARS-CoV-2 bang Discovery Studio Visualiser.

File/Open = Chon dudng din dén noi chi file PDB (B8 7gm.pdb)

@  Click View/chon Hierarchi va Data table d& hién céc thanh cong cu diéu khién (bo qua
budc nay néu phan mém da hién).

Hinh 4. Hi¢n cac thanh cong cu diéu khién cdn Hinh 5. Cau tric PLP™ SARS-CoV-2 (Ghi chu:
thiet trong Discovery Studio Visualiser Gian do Ramachandran hién th; duéi goc phai)
© Chon Hetatm (& Hetatm)-> click chuot phai chon Remove group.
#  Chon Ligand Groups (# Ligand Groups) = Click Delete ( %) (néu cau tric tinh thé c6 phan
tr nugc chon Water/Delete).
¢ File/Save as, chon duong dan, luu file duéi dinh dang protein data banks files (*.pdb).
Ghi cht: Nén téi uu hoa ciu triic/nang lugng cua protein/enzyme bang cac cong cu bo tro nhu
Yasara, Swiss PDB Viewer, MOE, Maestro, v.v. sau khi x6a cac phan tir nuéc va cac hop chat
dong két tinh, d& thu duoc cAu trdc c6 gian d5 Ramachandran dang tin cay (Hinh 5).
Buwéc 3: Truy xuat phdi tir tir co so dit liéu (Hinh 6-8).
@ Cau trdc phdi tir duoc 1ay tir co so dir liéu Pubchem (https://pubchem.ncbi.nlm.nih.gov/).
Trong nghién ciru nay, GRL0617 dwoc chon Iam phdi tir nghién ciru vi né da dwoc chang
minh |a 1’rn ClI vién c6 hoat tinh tic ché PLP™ cua SARS-CoV-2 [17]

Pub(@lhem

GRLOB1T Q,

Hinh 6. Truy xuat phoi tir tir co so dir ligu Hinh 7. Téi wu héa céu hinh phdi tir béng Chem3D
PubChem (https://pubchem.ncbi.nlm.nih.gov/)

@  Tai cau trdc phdi tir bang dinh dang *.sdf.

@ Mo file cu tric trong Chem3D.

File/Open > Chon duong din dén noi chira file phdi tir vira tai vé (*.sdf).

@ Nhan t6 hgp phim Ctrl+M. (Téi wu héa nang luong bang thuat toan MM?2).

@  Luu file bang dinh dang *.mol2.

File/Save as - Dinh dang SYBYL2 (mol2).

Ghi chi: Néu phdi tir khéng c6 sin trén Pubchem, nguoi ding c6 thé thiét ké phdi tir bang
Chem3D hoic GaussView/Gaussian va téi uvu héa ning luong, sau dé luu tép dudi dinh dang
*.mol2. Trong nghién ciru nay, cac phdi tir da dugc toi wu hoa nang luong, cau tric bang thuat
toan DFT/6-31G(d) dé thu duoc ciu dang on dinh truée khi docking (Hinh 8).
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Hinh 8. Cdu trdc toi wu cia phoi tir GRL0617 Hinh 9. Nap cdu trdc protein/enzyme vao cong cu PyRx
Buwéc 4: Docking phan tir sir dung PyRx 0.8 (phién ban mién phi) (Hinh 9-16).

@  Tai cau trdc protein/enzyme vao giao dién 1am viéc ciia cong cu PyRXx.

File/Load molecule = Chon dudng dan chira cau tric file pdb caa PLP™ SARS-CoV-2.

Hoic c6 thé click vao biéu tugng Load molecular (MolKit) trén thanh cong cu.

@ Tai cau trdc phdi tir vao giao dién lam viéc cua cong cu PyRx.

File/Load molecule > Chon duong dan chira cau trdc file mol2 cia phéi tir.

¥ twi | § A B O e e e T

3 === PLpro SARS-CoV-2

Vina Wizard % AutoDock Wizard & Open Babel Python Shell & Logger

Phi tly wemp Y StartHere JC SelectMolecules RunVina [ Analyze Results

Hinh 10. Cdu trdc protein/enzyme va phai iz trong ~ Hinh 11. Ngp phai tiz vao cong cu PyRx théng qua
giao dién lam viéc PyRx Openbabel

Luru y: Ngoai ra, ching ta ciing c6 thé sir dung cdng cu Openbabel dé tién hanh tai cau tric
phdi tir vao man hinh 1am viéc PyRx (Hinh 11). Cong cu Openbabel duogc tich hop san cho phép
ching ta t6i uvu hoa ning luong (Minimize All/Sellected) ma khong can sir dung cac phan mém
bé trg khac.

@ Click cau trdc (7CIM) trong hop diéu khién Navigator, chon Autodock/Make
Macromolecule.

@  Click phéi tir (GR

7) trong hop diéu khién Navigator, chon Autodock/Make Ligand.

e 3

- :

Hinh 12. Dinh danh cdc doi twong protein/enzyme Hinh 13. Chon lya cac phéi tir can thiét cho qua
hogc phai tir cho qué trinh docking trinh docking phén tu

@  Chon hop diéu khién Controls, click Vina Wizard/Select Molecules s& hién thi phdi tur
da dugc chon va duong dan chira phén tir PLP SARS-CoV-2 duoc chon. Click chon Forward.

Ghi chi: Néu mudn thém phéi tir chon Add Ligand (%t ) hozc thay ddi protein/enzyme
chon Add Macromolecule ( *l#edvesemseai )

# Chon kich thuéc hop lugi (vung khong gian cho qua trinh docking) tai tab RunVina
bang cach click giir chudt va kéo tha. Sau do, chon Forward (Hinh 14).

Thong thuong, hop ludi duoc cin giita theo chat e ché dong két tinh, tuy nhién, trong cac
truong hop khac, né cé thé dwoc xac dinh theo tung vi tri trung tdm hoat dong cuaa
protein/enzyme. Trong nghién ciru nay, toa do cua hop ludi duoc lwa chon dua trén vi tri hoat
dong lién két véi phdi tir da biét ciia PLP® SARS-CoV-2. Toa d6 hop lugi ¢6 tam tai vi tri:

X:Y:Z =6.004522: 26.075304: -0.336000
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WIOSceme  Dem L Oecmens = b
> XXYYZIZS 8 L] B 0Scene | 2 0Pots | 2 Documents Tables  Vina - 7OM/GRLO617
Command line: “C:\Program Files (x86) PyRx\vina.exe” —~config conf.txt digand ..\.. \Liganc

Working directory: | C:\Jsers\CuongQuoc),mgltools\PyRx Macromolecules\7CJM

Output will be ..\..\Ligands\GRLO&17_out.pdbqt

— — —
Sttt ;
Hinh 14. Thiét Igp viing khéng gian cho qua trinh Hinh 15. Csta s6 truc quan qua trinh docking phan
docking phén tu ter (Qué trinh docking phén tiz hoan tat khi gian do

dat gia tri 100%)
@  Ctras6 Command Prompt xuat hién, qué trinh docking hoan tat khi tién trinh bao 100%.
Qué trinh docking hoan tat. Két qua cho thdy GRLO617 cho ning lugng lién két vgi PLP®
_SARS-COV-2 dat -9,3 kcal/mol (Hinh 16).

"
/% :
e .
¥ onie
"

' . FE =] =
| o ) Mius et et P e ¥

e, 2 ettt 8 o [

e p . an@

ey - " 1

!H‘m'ﬁ

16. Cura 6 hién thy cac thong tin can thiétkhi  Hinh 17. Truy xudt di liéu két qua docking dui
qua trinh docking hoan tat dang file van ban *.csv
Buéc 5: Truy xuat két qua docking
@ Két qua co thé dugc xuit ra dudi dang *.csv bang lénh Save as Comma Speparated
Values (CSV) trong ctra s6 Controls (Hinh 17).
@ Chon hop diéu khién Navigator, click chudt phai vao phéi tir cin phan tich (théng thuong
1a phéi tir “mode 17), chon Save as PDB/Chon dudng dan can luu cau tric (Hinh 18).

d PyRx - Virtual Screening Tool ‘u

File Edit View Help Macromolecules | Simulation [Tt e i oe] Pharmacophores | Smail Molecules | X-ray | My Tools
oy » G -BBE NS X LU0 O [howise. -
g k2w O o 0 oo e 9 7 )
Navigator Uy Feceptrsgan ercoons. -
4 % Molecules | % AutoDock MTVIK | »

- l\‘ SRLOGLZ: Displary receptor surfaces.

# # GRLO617_out_m~-~'* -

% # GRLO617_out_m Display >

# # GRLO617_out m AutoDock > PR

+ #% GRLO617_out_m 555 wdiomid

# # GRLO617_out_m Saveas

£ # GRLO617_out_m Remove from Scene ?;ndl:axlwmumxm

£ & GRLO617_out_model7

& #¥ GRLO617_out_model8 - e a0 8 ey S

bl At Fstres |

Hinh 18. Truy xudt dit li¢u két qua docking (phéi  Hinh 19. Truc quan cau hinh lién két bang khong gian
tir) duéi dang tép khdng gian ba chiéu (3D) hai chiéu (2D)
Ngoai ra, dit liéu cac mé hinh docking 3D duogc luu ty dong ¢ dinh dang *.pdbgt trong folder
Users tai 6 dia C.
User/Admin/.mgltools/PyRx/Macromolecules/
7CIJM/GRL0617_out.pdbqt
(Luu y: folder gach chan cd thé khéc biét tly thudc vao tén ca nhan cua ngudi dung).
Buéc 6: Tryc quan héa mé hinh docking bang Discovery Studio Visualiser.
@ Mo file cau tric md hinh docking PDB bang Discovery Studio Visualiser.
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File/Open = Chon duong dan dén tap file md hinh.

Hoic c6 thé sir dung két qua file *.pdbat bang cach kéo tha chuét file pdbgt vao cira s6 md
hinh ciu tric PLP® da mé trudc do.

@ Hién thi twong tac 2D (Hinh 19).

Chon Receptor-Ligand Interactions/Show 2D Diagram.

@ Hién thi cau hinh twong tac 3D (Hinh 20).

Chon Scrlpts/ngand Interactions/Show Ligand Binding Site Atoms

Hinh 20. Tryc quan cau hinh lién két bang khang Hinh 21. Két qua redocking cua chat iic ché
gian ba chieu (3D) GRL0617 vdi I:”Lpro SARS-CoV-2 (’Ghi chu: Phoi twr
mau xanh la ket qua docking, phoi tix mau vang la
Cdu triie dong két tinh tir RCSB (ID PDB 7CIM))
Nhan xét mé hinh docking
M6 hinh docking phan tir vira thuc hién cho két qua kha tuong déng so voi mé hinh tinh thé
X-Ray ban dau duoc tai vé tir RCSB (Hinh 21). Cu thé, gia tri RMSD thu duoc dat 0,4867 A,
diéu nay chang to sir dung PyRx thu dugc md hinh docking dat d6 tin cay cao, léch so vai két
qua thyc nghiém thap. Cac tuong tac véi mot sé amino tai trung tdm hoat dong nhu Asp164,
GIn269, Tyr264, Tyr273, Pro247, Pro248, Tyr268 déu dugc quan sat thay.

3.2. Dw dodn cdc twong tdc ciia mgt s6 dan xudt chalcone-amide chang lgi SARS-CoV-2

Dua trén nhirng nghién ctu vé phan tir thu duoc tir cac nghién ctu tinh thé hoc, cac amino
acid quan trong tai trung tam hoat dong PL"® SARS-COV-2 chira cac géc Cys111, His272 va
Asp286. Ngoai ra, vi tri hoat dong con ghi nhan thém mot sé cystein quan trong bao gém
Cys189, Cys192, Cys224 va Cys226 [13], [18]. St dung PyRx 0.8 thu dugc ciu hinh lién két céc
chét dong két tinh (Bang 1) trong cac md hinh redocking véi PLP® SARS-COV-2 dat do tin cay
cao, tuong ddng so voi cau hinh lién két trong cau trac tinh thé trich xuét tir RCSB, cac gia tri
RMSD thu duge déu nho hon 1,5 A (Hinh 22).

Cu thé vai cau hinh lién két duoc tai tao cua dan xuét chalcone-amide (GRL0617) trong mo
hinh phtc hgp 7CIJM cho thy cac gbc tuong tac quan trong nhét véi chét tc ché nay tai vi tri
hoat dong PLP™® 1a Aspl64, Pro247, Pro248, Tyr268 va GIn269 (Hinh 23). Cac tuong tic quan
trong nhat cua GRLO617 trong vi tri hoat dong c6 lién quan dén nhom amide, trong d6 nhom
carbonyl hinh thanh twong tac lién két hydrogen manh giira nhém —NH- véi géc GIn269. Ngoai
ra, nitrogen caa goc amide tao thanh mot tuong tac lién két hydrogen manh khéc véi —OH cua
Asp164. Vong naphthyl nam trong tdi ky nude (dugc hinh thanh bai chudi bén caa Pro247 va
Pro248 va cac vong thom ctia Tyr264 va Tyr268) tao ra nim twong tac bao gém ba tuong tac pi-
alkyl véi vong pyrrolidine cta proline, hai tuong tac pi-pi T-shaped véi vong phenyl cua Tyr268.
Ngoai ra, cdu hinh R caa nhém methyl rat quan trong ddi véi viéc dinh huéng va dit vong
naphthyl trong khéng gian ki nuéc dé tao ra s lugng tuong tac nay [13].
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Bang 1. Cdu tric tinh thé X-ray cia PLP™ SARS-CoV-2 lién két vdi cac chat ic ché dua trén cac chalcone-
amide kh&c nhau

ID Ngay cdng Amino acid twong

A Ay A aX At oe: 1 g d
PDB b Cau tao chat wc ché dong két tinh tAch 1Cs0 (ULM)
(o]
R Leul63, Glyl64
WN N)KG I l
(73Elg)5 7132001 SRS Asp165, Pro248, 2 00°

Pro249, Tyr265,
OO Tyr269

Leul62, Aspl64,

Glam167, Pro248
HN ' ’

(ag) 2400212021 QN@Q(H s - Tyr264, Gly266, 0,56'
H 5 W, Asn267, Tyr268,

GIn269
Leul62, Aspl64,
7CMD Pro248, Tyr264
O ] i
319)  02/9/2020 NH, Tyr268, GIn269,
NH Tyr273 1,619
Aspl64, Pro247,
TCIM - 4919/2020 Pro248, Tyr264,
(316) y
Tyr268, GIn269

OQNM Asp164, Glam167,
TV e i Pr0247, Pro248,

NH 6.4h
(318) Tyr264, Tyr268, ’
X GIn269

Ghi chl: 2Dya trén di lidu tir RCSB. ®Duya trén cdc tuwong tac chinh tir cdu tric tinh thé tdi vé trén RCSB.
¢S6 liéu trong ngodc don biéu thi sé lwong amino acid. “Thi nghiém ic ché PLP™® SARS-CoV-2 in vitro.
eShan va céng su nam 2021 [19]. TTheo nghién ciu cia Shen va céng su nam 2021 [15]. 9Theo nghién cuu
cua Gao va cong sw nam 2021 [18]. "Theo nghién cizu ciia Osipiuk va céng su nam 2021 [20]

Gan day, Fearon va cong su da cong b cau tric tinh thé tia X caa mot hop chat méi ¢6 khung
chalcone-amide lién két trong vi tri hoat dong cua 3CL"™ SARS-CoV-2 (ID PDB: 5RH8) tao ra
hai lién két hydrogen véi Asn142 va Glam166 [21]. Viéc dat duoc va phét trién céc tdc nhan
chéng SARS-CoV-2 ¢6 hoat tinh &rc ché dong thai chdng lai ca PLpro va 3CLpro c6 thé 1am ting
thém hy vong tim ra loai thudc hiéu qua dé diéu tri COVID-19. Trong mét nghién cuu thiét ké
thudc dwa trén ciu tric, Osipiuk va cong su da két tinh cau tric cia SARS-CoV-2 PLP® va mot
s6 chat wc ché PLP™ méi ¢ ciu triic lién quan dén hop chat GRL0617 [20]. Panh gia cac tuong
tac va lién két tai vi tri hoat dong chi ra rang cac hop chat lién két & cing mot vi tri (nam céach cac
gc cysteine tir 8-10 A) va theo céch rat gidng nhau nhu di quan sat trudc day déi véi GRL0617
dugc tao ra bai cac gbc Asp164, Glam167, Pro247, Pro248, Tyr264, Tyr268, GIn269 va Tyr273
(ID PDB: 7J1V).

RhIIIDSPDD=B1:,Z$§45 A( < g p RMSD = 8,2823;4 ] (‘
= G - F L focd
/ Y } X ~ A\
24 S e

ID PDB: 7CMD — D PDB:m_
RMSD = 0,4998 = RMSD =0, ﬁ

(Ghi cht: Két qua redocking hién thi cdu tir mau hong, cau tir mau xanh dieoc trich xudt tir cdu tric trén RCSB)
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)
ET
/ 208\
Twong tac
HSP _77[ van der Waals

4.655.02 B:164 [ | Conventional Hydrogen Bond

= ‘N I Pi-Sigma
é/?;408 filoe0 H .0.33 B Pi-Pi T-shaped
& 4.3 ] Pi-Alkyl

W [(E]

4.19
[[] carbon Hydrogen Bond

éjm/ sts/ i -

/GLU
s 264/ 167

(273 s
wies)  {if)
Hinh 23. Tuwong tdc giira chat irc ché GRL0617 véi PLP™ SARS-CoV-2 (ID PDB: 7CJM)
(Ghi cha: Céac chi sé biéu thi khodng cdch, don vi tinh A)

Mot phét hién quan trong khac cua cac nghién cau la viéc thay thé naphthyl bang khung 2-
phenyl-thiophene di tao ra cac dan xuét c6 hoat tinh tot hon, trong d6, thanh phan chinh la (R)-N-
(1-(3-(thiophen-2-yl)phenyl)ethyl)benzamide [15]. Hop chat c6 hoat tinh wc ché PLP™® manh véi
ICs0 = 0,56 pM, cau trlc tia X cua chat wc ché nay trong phuc hop PLP® ¢6 ID PDB la 7LBS.
Nghién cau vé sy twong tac cua hop chat nay trong vi tri hoat dong cua SARS-CoV-2 PLpro cho
thay sy hinh thanh céc lién két hydrogen manh hon so vé&i hop chat GRL0617. Dya trén cu hinh
lien két hop chit nay tao ra 14 twong tic manh véi 8 amino acid bao gom Leul62, Aspl64,
Pro248, Tyr264, Gly266, Asn267, Tyr268 va GIn269. Trong khi d6, GRL0617 ciing hinh thanh
cac tuong tac gén nhu tuong ty voi bay amino acid Leul62, Aspl64, Pro248, Tyr264, Tyr268,
GIn269 va Tyr273 (ID PDB: 7CMD) (Béang 1).

4. Két luan

Docking phan tir dong vai tro quan trong trong phét trién thudc, dyu doan cau hinh va ai hrc
lien két cua cac phan tir voi protein/thy thé myc tiéu. Ban thao nay cung cip huéng dan chi tiét
bang tiéng Viét v& cach st dung PyRx - phin mém ngudn mé than thién, trong thich véi nhiéu
hé diéu hanh. Huéng dan va vi du tng dung trong ban thao nay khdng chi giap ngudi doc sir
dung PyRx hiéu qua ma con khang dinh tinh chinh xac va dang tin cay ciia cong cu trong viéc du
doén céc twong tac phan tir, gop phan quan trong cho phét trién thudc. Ngoai ra, trong nghién ciu
nay, khung suon chalcone-amide dwoc gisi thiéu nhu mot bo xwong doc dao dé thiét ké va phat
trién céc chat uc ché SARS-CoV-2. CAu hinh lién két cua cac dan xuat chalcone-amide trong vi
tri hoat dong PLP™ SARS-CoV-2 c¢6 thé hd trg su phat trién cua cac tac nhan chéng COVID-19
trong tuong lai.

Loi cam on

Nghién ciru nay thudc noi dung dé tai "Nghién ciu thiét ké, tong hop va danh gia hoat tinh
sinh hoc cac dan xuit para-aminochalcone” do tac gia Nguyén Cudng Qudc thuc hién tir thang
10/2023 dén thang 10/2024. Nhom tac gia ciing cam on Trudng Pai hoc Can Tho da hd tro co s
vat chat dé thuc hién nghién ctu nay.

TAI LIEU THAM KHAO/ REFERENCES

[1] World Health Organization, “Coronavirus Disease (COVID-2019) Situation Reports 176”. [Online].
Auvailable: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports.
[Accessed Jun. 23, 2024].

[2] G. M. Morris and M. Lim-Wilby, “Molecular Docking,” in Molecular Modeling of Proteins, A. Kukol,
Ed. Totowa, NJ: Humana Press, 2008, pp. 365-382, doi: 10.1007/978-1-59745-177-2_19.

[3] J. Fan, A. Fu, and L. Zhang, “Progress in molecular docking,” Quant Biol, vol. 7, no. 2, pp. 83-89,
2019, doi: 10.1007/s40484-019-0172-y.

http://jst.tnu.edu.vn 71 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports

TNU Journal of Science and Technology 230(01): 63 - 72

[4] T. B. H. Bui, C. Q. Nguyen, and Q. D. Tran, “Docking-Based Virtual Screening for the Discovery of
1,3,4-Oxadiazoles as Aminoacyl-tRNA Synthetase Inhibitors,” CTU J. Inn. & Sus. Dev., vol. 14, no. 2,
pp. 83-92, 2022, doi: 10.22144/ctu.jen.2022.021.

[5] Q. D. Tran et al., “ZIKV Inhibitors Based on Pyrazolo[3,4-d]pyridazine-7-one Core: Rational Design,
In Vitro Evaluation, and Theoretical Studies,” ACS Omega, vol. 8, no. 51, pp. 48994-49008, 2023, doi:
10.1021/acsomega.3c06612.

[6] Q. D. Tran et al., “Rational design of novel diaryl ether-linked benzimidazole derivatives as potent and
selective BACE] inhibitors,” Biochemical and Biophysical Research Communications, vol. 698, 2024,
Art. no. 149538, doi: 10.1016/j.bbrc.2024.149538.

[7]1 C. Q. Nguyen et al., “Structure-base DNA-targeting strategies with chalcone derivaties containing
heterocyclic moiety as potential anti-cancer agents,” Can Tho University Journal of Science, vol. 59,
no. 6, pp. 44-53, 2023, doi: 10.22144/ctujos.2023.213.

[8] C. Q. Nguyen et al., “Multitargeted molecular docking study of some N-hydroxycinnamamide
compounds on ERa, PR, EGFR, and CK2 receptors,” Vietham Journal of Science and Technology B,
vol. 65, no. 6, pp. 47-51, 2023, doi: 10.31276/VJST.65(6).

[9] C. Q. Nguyen et al., “Synthesis and evaluation of biological activities of two belinostat analogs bearing
fluorine at the CAP,” Science & Technology Development Journal: Natural Sciences, vol. 7, no. 1, pp.
2538-2547, 2023, doi: 10.32508/stdjns.v7i1.1238.

[10] S. Dallakyan and A. J. Olson, “Small-Molecule Library Screening by Docking with PyRx,” Chemical
Biology: Methods and Protocols, pp. 243-250, 2015, doi: 10.1007/978-1-4939-2269-7_19.

[11] Y. M. Béez-Santos, S. E. St. John, and A. D. Mesecar, “The SARS-coronavirus papain-like protease:
Structure, function and inhibition by designed antiviral compounds,” Antiviral Research, vol. 115, pp.
21-38, 2015, doi: 10.1016/j.antiviral.2014.12.015.

[12] C. Liu et al., “Research and Development on Therapeutic Agents and Vaccines for COVID-19 and
Related Human Coronavirus Diseases,” ACS Cent. Sci., vol. 6, no. 3, pp. 315-331, 2020, doi:
10.1021/acscentsci.0c00272.

[13] M. Valipour, “Chalcone-amide, a privileged backbone for the design and development of selective
SARS-CoV/SARS-CoV-2 papain-like protease inhibitors,” European Journal of Medicinal Chemistry,
vol. 240, 2022, Art. no. 114572, doi: 10.1016/j.ejmech.2022.114572.

[14] K. Ratia et al., “A noncovalent class of papain-like protease/deubiquitinase inhibitors blocks SARS
virus replication,” Proceedings of the National Academy of Sciences, vol. 105, no. 42, pp. 16119-
16124, 2008, doi: 10.1073/pnas.0805240105.

[15] Z. Shen et al., “Potent, Novel SARS-CoV-2 PLpro Inhibitors Block Viral Replication in Monkey and
Human Cell Cultures,” bioRxiv, 2021, doi: 10.1101/2021.02.13.431008.

[16] A. Peralta-Garcia et al., “Entrectinib—A SARS-CoV-2 Inhibitor in Human Lung Tissue (HLT)
Cells,” International Journal of Molecular Sciences, vol. 22, no. 24, 2021, doi:
10.3390/ijms222413592.

[17] Z. Fu et al., “The complex structure of GRL0617 and SARS-CoV-2 PLpro reveals a hot spot for
antiviral drug discovery,” Nat Commun, vol. 12, no. 1, p. 488, 2021, doi: 10.1038/s41467-020-20718-
8.

[18] X. Gao et al., “Crystal structure of SARS-CoV-2 papain-like protease,” Acta Pharmaceutica Sinica B,
vol. 11, no. 1, pp. 237-245, 2021, doi: 10.1016/j.apsh.2020.08.014.

[19] H. Shan et al., “Development of potent and selective inhibitors targeting the papain-like protease of
SARS-CoV-2,” Cell chemical biology, vol. 28, no. 6, pp. 855-865, 2021.

[20] J. Osipiuk et al., “Structure of papain-like protease from SARS-CoV-2 and its complexes with non-
covalent inhibitors,” Nat Commun, vol. 12, no. 1, p. 743, 2021, doi: 10.1038/s41467-021-21060-3.
[21] A. Douangamath et al., “Crystallographic and electrophilic fragment screening of the SARS-CoV-2

main protease,” Nat Commun, vol. 11, no. 1, p. 5047, 2020, doi: 10.1038/s41467-020-18709-w.

http://jst.tnu.edu.vn 72 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

