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ABSTRACT

Objectives: (1) To develop a pharmacophore model to identify compounds capable of
inhibiting the NS3 protease enzyme; (2) Based on the established pharmacophore model,
this study performed virtual screening for potential NS3 protease inhibitors from the ZINC
database using the ZINCPharmer tool.

Subjects and Methods: A pharmacophore model was constructed via the docking of a
reference compound (Compound 1) into the NS3 protease enzyme (PDB ID: 5H4l). Virtual
screening was performed using ZINCPharmer on the ZINC database, followed by
molecular docking evaluation using AutoDock Vina.

Results: A pharmacophore model was successfully developed, characterized by three
aromatic rings (Ar), one hydrophobic feature, and two hydrogen bond acceptors. Virtual
screening of 21.777.093 compounds from the ZINC database resulted in the identification
of 24 compounds matching the pharmacophore model. Among these, 10 compounds
satisfied Lipinski’s Rule of Five. Subsequent molecular docking of these compounds
revealed binding energies ranging from -7,5 to -8,1 kcal/mol. Notably, compound
ZINC08961480 exhibited the lowest binding energy (-8,1 kcal/mol) and formed several
key interactions with critical amino acid residues, including hydrogen bonds (Ser135 and
Tyr150), -1t stacking interaction (Tyr161), t-alkyl and alkyl (Val36 and Ala132).

Conclusion: The study successfully developed a pharmacophore model to facilitate the
screening of potential NS3 protease inhibitors. Virtual screening of the ZINC database
identified 24 compounds fitting the model, of which 10 compounds complied with
Lipinski’s criteria for drug-likeness. Among these, ZINC08961480 exhibited the highest
binding affinity and demonstrated strong potential as a lead compound for the
development of anti-Zika drugs through NS3 protease inhibition.
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ABSTRACT

Muc tiéu: (1) Xay dung moé hinh pharmacophore cho cac hgp chét cé tac dung rc ché
enzyme NS3 protease; (2) T mé hinh pharmacophore thiét l4p duoc, dé tai ti€én hanh
sang loc cac chéat co tac dung 'c ché enzyme NS3 protease tir thu vién ZINC (ZINC
database) v6i cong cu ZINCPharmer.

Pai twgng va phuong phap: Xay dung md hinh pharmacophore thong qua docking hop
chat tham chiéu (hgp chét 1) vao enzyme NS3 protease (PDB ID: 5H4I), s dung cong
cu ZINCPharmer dé sang loc 4o tif thu' vién ZINC va danh gia bang phuong phap docking
phéan tlr théng qua phan mém AutoDock Vina.

K&t qua: Nghién clru xay dung thanh cong mo hinh pharmacophore dac trung véi ba vong
thom (Ar), mét nhém ky nudc va hai nhém nhén hydro. Sangloc 4o tir21.777.093 hgp chét
trong thu vién ZINC thu dugc 24 hgp chat phu hgp véi mo hinh pharmacophore. Trong do,
10 hgp chat théa man quy tac Lipinski. Sau dé, thuc hién docking nhitng hgp chat nay,
két qua cho thay nang lugng lién két vai NS3 protease dao dong tir-7,5 dén -8,1 kcal/mol.
Dac biét, hgp chat ZINC08961480 c6 nang lugng lién két thap nhat (-8,1 kcal/mol) va tao
nhiéu tuong tac quan trong vdi cac du lugng amino acid, bao gom lién két hydro (Ser135,
Tyr150), tuwang tac -t x€p chong (Tyr161), twong tac m-alkyl va alkyl (Val36, Ala132).

K&t luan: Nghién clru da xay dung thanh cong mé hinh pharmacophore, phuc vu sang loc
céc hgp chat c6 kha nang (rc ché enzyme NS3 protease. TUr thu vién ZINC, 24 hgp chat
tuong thich véi mé hinh dugc sang loc, trong dé cé 10 hop chat dap ¢ng quy tac Lipinski.
Péc biét, hgp chat ZINC08961480 c6 ai luc lién két ndi tri va tiém nang phat trién thanh
thudc diéu tri virus Zika nhd kha nang tuong tac tot vdi vi tri hoat dong clia enzyme NS3
protease.

Ttr khéa: M6 hinh pharmacophore, docking phan tr, NS3 protease, virus Zika.

1. DAT VAN BE

Virus Zika (ZIKV) la moét loai virus thubc ho
Flaviviridae, chi Flavivirus, chu yéu lay truyén qua
mudi Aedes, |a tdc nhan gay ra cac bién ching nhu
tat dau nhd & tré sa sinh va hoéi ching than kinh
Guillain-Barré, hién nay chua cé vac-xin va thudc
diéu tri dac hiéu [1]. Do dd, viéc nghién clu céc
lidu phap khang ZIKV la digu can thiét. Enzyme NS3
protease la muc tiéu tiém nang dé phat trién thudc
do vai tro quan trong trong qua trinh sao chép va
phat trién culia virus [2]. Viéc tim ki€ém cac hgp chat
Uc ché& enzyme nay c6 thé md ra co hoi diéu tri va
kiém soat ZIKV. Sang loc in silico & phuong phap
sang loc 4o, gitp t6i uvu hda qua trinh tim kiém hgp

*Tac gia lién hé

chéat tiém nadng moét cach nhanh chéng va tiét kiém
chi phi [3]. Viéc két hgp sang loc 4o dua trén mo
hinh pharmacophore va docking phan t&r da duogc
dung réng rai dé xac dinh cac chat c ché NS3
protease, tuy nhién, van can tiép tuc khaithac nham
tim ki€m thém céc hgp chat cé &i luc manh dé ma
rong danh séach chat (rc ché tiém nang va tao nén
tang phat trién thudc khang ZIKV trong tuong lai.
Chinh vi vay, dé tai “Kham pha céc chéat trc ché NS3
protease bang phuong phédp in silico: tiém nang
diéu tri virus Zika” duoc thuc hién v§i cac muc tiéu
nghién clru sau:

1. Xay dung mé hinh pharmacophore cho cac hop
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chét cé tac dung trc ché enzyme NS3 protease.

2. Ttr mé hinh pharmacophore thiét dp duoc, dé
tai tién hanh sang loc céc chét cé tac dung trc ché
enzyme NS3 protease tir thu’' vién ZINC véi cbng cu
ZINCPharmer.

2. DOI TUONG VA PHUONG PHAP
2.1. D6i tugng nghién clru

Cac phan tlr tr co s& d¥ liéu ZINC c6 kha nang (c
ché& enzyme NS3 protease clia virus Zika.

2.2. Phuong phap nghién ctu

Cé&u truc ba chiéu ctia NS3 protease dugc tai vé tir
ngan hang cag s& dit liéu protein RCSB (Research
Collaboratory for Structural Bioinformatics) véi ma
dinh danh (ID) la 5H4Il. Protein nay ch&a hai md
hinh c4u tridc la NS2B va NS3 protease, dugc xac
dinh bang phuong phap NMR. Dé tai s dung mé
hinh NS3 protease cho muc dich nghién clru. Cac
phdi tir dugc sang loc tlr co s& dit liéu ZINC, ciu
tric dugc vé lai bang ChemDraw va t8i uvu héa nang
lwgng bang thuat toan MM2 (Molecular Mechanics
2). Cautruc dugc lwu lai dudi dinh dang *mol2 trudce
khi thue hién docking phan tur.

Docking phan t¥ dugc thuc hién bang céng cu
AMDock (AutoDock Vina). K&t qua docking dugc
trc quan héa va hién thi bang Discovery Studio
Visualizer. M6 hinh redocking dugc danh gia
13 t6t nhat khi c6 gia tri RMSD < 2 A. M& hinh
pharmacophore dugc xdy dung tu cbng cu
ZINCPharmer. Cac phéi t& dugc lywa chon thoa
man mé hinh pharmacophore va tuan theo quy tac
Lipinski.

3. KET QUA NGHIEN cU'U
3.1. K&t qua xay dung mé hinh pharmacophore

Cau truc tinh thé cha NS3 protease (PDB ID:
5H4l), dugc xir ly bang Discovery Studio Visualizer
dé loai bd phan t& nudc, ligand dong két tinh
(benzimidazol-1-ylmethanol va ion acetate), chudi
NS2B, va luu lai vdi dinh dang .pdb dé phuc vu cho
qua trinh docking.

Trudc khi sang loc cac phdi tl, nghién clru thuc
hién redocking phéi t&r déng két tinh benzimidazol
-1-ylmethanol (diém s6 docking la -5,8 kcal/mol)

- 24  www.tapchiyhcd.vn

dé tham dinh vé tinh hop ly ctia quy trinh gan két.
K&t quéa cho thay su chong khit gitra cau tric phéi
tlr trudc va sau redocking véi gia tri RMSD dugc do
bang phan mém PyMOL (4 0,663 A (< 2 &) (Hinh 1).
Diéu nay chitng td rang két qua docking cac phan tir
vao muc tiéu la dang tin céay.

Hinh 1. K&t qua redocking phoi tir dong két tinh
benzimidazol-1-ylmethanol

Can ci trén két qua nghién ctru cla Yan Li va
cong sy (2018), hop chat 1 6n dinh dang dong cla
protease ZIKV, tao lién két cong hoa tri véi Ser135
c6 K. =36,35 + 25,7 uM [4, 5]. Hop chét nay dugc
ldm chudn trong nhiéu nghién ciu thudc khang ZIKV
nhd hoat tinh vugt trdi [4], chinh vi vay, trong nghién
cttu nay, hgp chat 1 dugc lua chon lam hgp chatdan
dudng cho nghién clru sang loc cac hgp chéat cé kha
nang 'c ch& NS3 protease cla virus Zika.

Hinh 2. C4u truc hgp chat 1[4, 5]

Cau tric hgp chét 1 va cac phdi tir khac dugc vé lai
bang Chema3D, dudc t8i vu héa ndng luong bang
thuattoan MM2 va dugc luu lai véi dinh dang *mol2.

Hop chat 1 dugc docking vao NS3 protease bang
phan mém AMDock vdi kich thudc hdp tim kiém
(grid box) la 22x22x22 A, toa db truclax=-5,5,y=
8,2, z = -13,9 [6]. K&t qua thu dugc nang lugng lién
két la -7,5 kcal/mol.
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Hinh 3. K&t qua tuong tac 2D cla hgp chat 1 vai
NS3 protease

Nhan xét: Tir két qua tuang tac 2D (Hinh 3), ta thay
dugc hgp chat hinh thanh lién két hydro vdi goc
Ser135 théng qua nhém carbonyl, giup 6n dinh
tuong tac va dinh hudng phai tir trong héc lién két.
Asp129 tham gia tuong tac m-anion vdi vong thom
clia pha6i tlr. Tuong tac m-sulfur va -t xép chong
dugc hinh thanh gitra phoi tl véi His51. Bén canh
dé, vong thom cua phdéi tr cé tuwong tac -t xép
chong vadi Tyr161, giap tang dé bén phic hgp. Cac

gbc Val155 va Ala132 tao tuong tac m-alkyl va alkyl
Vi phai tu.

Nhu vay, tir mé hinh docking hgp chéat 1 vai NS3
protease, mo hinh pharmacophore dugc dé xuéat
nhu trong Hinh 4.

B -

Hinh 4. K&t qua mé hinh pharmacophore

Nhan xét: M6 hinh nay cé su hién dién cuia ba vong
thom (Ar) (tim), m6ét nhém ky nudc (xanh 1a) va hai
nhém nhan hydro (vang). Cac nhém nay déu dam
nhan nhiém vu hinh thanh lién két v&i cdc amino
acid quan trong, quyét dinh hoat tinh clia hgp chéat
1 trong viéc U'c ché NS3 protease.

3.2. Két qua sang loc 4o

Dua trén moé hinh pharmacophore vira xay dung
dugc, dé tai sang loc dugc 24 phan tir phu hgp tirco
s& di liéu ZINC véi 21.777.093 hop chat bang cong
cu ZINCPharmer. Sau do, 24 hgp chat tiép tuc dugc
sang loc bang quy tac Lipinski. K&t qua cho thay co
10 hgp chat dap Ung céc tiéu chi cua quy tac trén.

Bang 1. 10 hgp chat phu hop véi quy tac Lipinski

STT Hgp chét RMSD LogP | HBD | HBA T’I‘-’O';‘gé rl]“,’c‘-gl,“g 23;;‘%&"?;
1| zINC03654530 0,765885 4,18 3 6 439,539 3
2 | ZINC08961480 0,441532 4,49 1 9 453,476 4
3 | ZINC40177724 0,717015 4,57 1 7 462,527 7
4 | ZINC40178090 0,717256 4,99 1 7 476,554 7
5 | zINC40177878 0,717106 4,73 1 7 480,517 7
6 | zINC40178384 0,716568 4,68 1 7 480,517 7
7 | zINC40177933 0,717194 4,63 1 8 492,553 8
8 | ZINC40178193 0,717006 4,60 1 8 492,553 8
9 | zINC40178428 0,713829 4,58 1 8 492,553 8
10 |  ZINC40177725 0,723685 4,63 1 8 492,553 8

Ghi chud: RMSD: dé léch binh phuong trung binh géc; LogP: hé s6 phén bé octanol-nudc;
HBD: s6 luong nhém cho lién két hydro (s6 luvong cdc nhém -NH va -OH); HBA: sé lugng nhém nhén lién

két hydro (bao gbm nguyén tr O va N).
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Nhan xét: Tat ca 10 hgp chat déu co khoi lugng phan
tr nhd hon 500 Da; HBD clia cac hgp chéat nay déu
thap, hau hét déu bang 1 (riéng ZINC03654530 c6
gia tri la 3); HBA dao dong tlr 6 dén 9; LogP clia ca
10 hgp chét déu co gia tri < 5. Ngoai ra, so lién két
quay tu do clia ca 10 hop chat déu < 10, phu hgp véi
quy tac Veber’s.

3.3. Két qua docking phan tir

PE& danh gia kha nang lién két véi NS3 protease, 10
hgp chat trén dugc gan vao héc lién két bang céng
cu AMDock. K&t qua cho thay nang lugng lién két du
doan dao dong tir-7,5dén  -8,1 kcal/mol (Bang 2),
trong do, hau hét cac hgp chat déu c6 nang lugng
thap han so vGi chat tham chi€u 1. Diéu nay chirng
10 céac hgp chat trén déu c6 kha nang lién két tot vai
thu thé NS3 protease.

Bang 2. Nang lugng lién két ctiia 10 hgp chat

- Nang lwong lién két dy , . . A
Hgp chat doan (keal/mol) Cac acid amine tao lién két
ZINC03654530 -7,7 Val155, Gly151, His51, Tyr161, Ala132
ZINC08961480 -8,1 Tyr150, Ser135, Ala132, Val36, Tyr161
ZINC40177724 -7,6 Lys54, Val36, Val52, Ala132, Tyr161, His51
ZINC40177725 -7,7 Tyr161, Ala132, Ser135, Lys54, Val36, His51, Val155
ZINC40177878 -7,7 Tyr161, Ala132, Lys54, Val36, His51, Ser135
ZINC40177933 -7,7 His51, Val52, Ala132, Val36, Tyr161, Ser135, Val72
ZINC40178090 -7,9 His51, Gly133, Ala132, Tyr161, Tyr150
ZINC40178193 -7,9 Tyr161, Gly151, His51, Gly153, Ala132,
ZINC40178384 -7,7 Tyr161, Tyr130, Tyr150, Ser135, Ala132, His51, Asp75
ZINC40178428 7.5 Val36, Asn152, Val155, His51, Tyr161, Tyr150, Pro131,
Ala132
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Nhéan xét: Théng qua Bang 2, hgp chat ZINC08961480 c6 nang lugng lién két thap nhat (-8,1 kcal/mol), digu
nay cho thay &i luc lién két cao gilta hgp chat va vi tri hoat déng clia enzyme, nén dugc xem la phdi tlr tiem
nang cho dugc tinh t6t déi vdi virus Zika, dac biét la kha nang (c ché NS3 protease. Déng thoi theo Hinh 6,
ZINC08961480 tao ra nhiéu tuong tac véi cac amino acid bao gom: lién két hydro véi Ser135 va Tyr150 (mau
xanh & dam), tuong tac -t xép chéng v@i Tyr161 (mau héng), tuong tac rt-alkyl va alkyl vdi Val36 va Ala132
(mau tim nhat va hong nhat).
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Hinh 5. C4u tric phan tir ZINC08961480
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Hinh 6. K&t qua tuong tac clia hgp chat ZINC08961480
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4. BAN LUAN
4.1. Xay dwng mé hinh pharmacophore

M6 hinh pharmacophore dugc xay dung dya trén
phén tich c4u tric va tuong tac clia hop chéat tham
chiéu vdi enzyme NS3 protease, bao gom ba vong
tham (Ar), mét nhédm ky nudc va hai nhém nhén
hydro. K&t qua c6 sy tuong dong nhu trong nghién
cltu ctia Tran Quang Dé va cong su (2023), déu cho
thay sy hién dién cla céc yéu t8 nhu vong thom,
nhom ky nudc va nhém nhan lién két hydro trong mo
hinh [7], chinh sy cé mét clia cac yéu t6 nay dam
bao sy tuong tac t6t véi protein muc tiéu.

Trong mo6 hinh, cac vong thom khéng chi tao ra cac
twong tac -t xép chdng va t-anion vdi cac amino
acid thom trong héc lién két ma con gitp 6n dinh
cau tric phéi t&, hd trg cac tuong tac ky nudc nhd
ban chéat khéng phan cuc. Bén canh do, nhom ky
nudc tang cudng su phu hgp khoéng gian cta phdi
t&r nh@ tuwong tac véi vung ky nudc théng qua lién két
Van der Waals. DP&c biét, dic tinh nay ho trg phdi tor
tham t6t qua mang té bao trong moi trudng sinh hoc
chl&ra nude. Cubi cung, hai nhém nhan hydro gép
phan hinh thanh lién k&t hydro vdi cac amino acid
taivi tri hoat déng, tlr d6 dinh huéng phdi tir vao cac
lién két toi vu va tang cudng do bén cuia phirc hap.

4.2. Sangloc do

T mé hinh pharmacophore dugc thiét lap, dé tai
sang loc dugc 24 hop chéat tiém nang tir thu vién
ZINC, trong dé, cé 10 hop chat tuan theo quy tac
Lipinski. Cac hgp chat déu cé khdi lugng phan tur
nho hon 500 Da (dao déng tir 439,539 dén 492,553
Da), kh&i lugng nay gilup cic hop chat dé dang
tham qua mang té bao (mang lipid kép) theo ca ché
khuéch tan thu déng. Trong khi dd, s6 nhém cho lién
két hydro (HBD) clia hau hét cac hgp chat déu nho
hon 5, ddm bao can bang gilta tinh tan va kha nang
thdm mang. Bén canh dé, s6 nhém nhén lién két
hydro (HBA) dao déng tir 6-9 (< 10), diéu nay giup
hop chat duy tri kha nang thAm mang ma van dam
bao tinh tan trong nudc. Ngoai ra, chi s6 LogP cua
ca 10 hgp chat déu nam trong ngudng t8i wu (0 <
LogP < 5), ddm bao can bang gilra tan trong nudc va
thdm qua mang, gitip hép thu tt. Cudi clng, gia tri
s6 lién két quay tu do clia 10 hgp chat déu nho hon
10, phu hgp véi tiéu chi Veber trong ho trg thiét ké
thudc, diéu nay gop phan cai thién sinh kha dung va
tadng hiéu qua tc ché enzyme [8].

Quaviéc ap dung quy tac Lipinski, ta c6 thé sang loc
dugc cac hgp chét (e ché c6 kha nang hap thu tot
khi duing dudng uéng, loai bé hgp chat co kich thude
qua lén hoac doé phan cuc cao, uu tién cac ing vién
c6 LogP phu hgp, ddm bao tinh can bang gilra tan
trong nudc va thdm qua mang [8].
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4.3. Docking phan t&r

Theo Bang 2, 10 hgp chat déu co su tuong tac tot vai
amino acid nhu His51 va Ser135. Bay la haitrong ba
amino acid xuc tac chinh (His51/Asp75/Ser135) & vi
tri hoat dong clia NS3 protease, enzyme nay dam
nhan chic nang kép trong ca qua trinh sao chép
ARN cua virus va trong kha nang chéng lai mién dich
tw nhién cta vat chd [9]. Sy tuwong tac trén gép phan
lam tang tiém nang (c ché enzyme NS3 protease
clia virus.

K&t qua docking da chi ra rang ZINC08961480 c6 i
luc lién két cao vai NS3 protease (nang lugng lién
két la -8,1 kcal/mol), thiét lap nhiéu twong tac quan
trong vGi cac amino acid tai vi tri hoat dong, cu thé:
(1) hgp chét tao lién két hydro v&i cac amino acid
Ser135 va Tyr150 lam tadng do bén cla phirc hgp
théng qua tuong tac dinh hudng, giup hap chat gan
chéc vaovitrihoat déng; dac biét 3 lién két hydro vdi
Ser135, gép phan én dinh phic hgp phéi ti-protein,
k&t qua nay tuong tu nhu nghién clu ctia Nguyén
Cudng Qudc va cac cong sy vao nam 2021 [2]; (2)
twong tac -t x€p chong xay ra gilra vong thom trong
hop chéat va amino acid Tyr161, gitp tang ai luc lién
két nh& tuwong tac mat phang gitra cac vong thom,
6n dinh phic hop, hé trg ic ché enzyme hiéu qua
hon; (3) tvong tac t-alkyl va alkyl véi cac amino acid
Val36 va Ala132, giup tang cuong tuong tac ky nudc,
giup ligand bam chat hon trong tdi gan va 6n dinh
cau truc lién két, hd trg &'c ché enzyme.

5. KET LUAN

Nghién clru da xdy dung thanh cbéng md hinh
pharmacophore déc trung cho cac chat tc ché NS3
protease cla virus Zika; sang loc dugc 24 hgp chat
théa man mé hinh vdi 10 hgp chat dap ing theo quy
tdc Lipinski tr 21.777.093 hop chéat cua thu vién
ZINC. Trong do, hgp chat ZINC08961480 ndi bat vé
ai lyc gan két vGi enzyme (nang lugng lién két -8,1
kcal/mol). K&t qua nay cung cap di liéu tham khao
hitu ich, déng thoi lam co s cho cac nghién cu in
vitro va in vivo nham phat trién hgp chat tiém nang
nay trd thanh thuéc trong tuang lai.
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