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TOM TAT

Protein kinase G (PknG) la mét yéu té déc Iuc cuia Mycobacterium tuberculosis, hé tro
hoat déng chéng thurc bao trong qué trinh nhiém tring. Méc du da cé nhiéu nghién ctru truéc
day, chi mét sé it chat trc ché duroc béo céo va chura cé chéat nao phét trién dén giai doan thi
nghiém ldam sang. Nghién ctru nay dwoc ap dung mét quy trinh sang loc in silico toan dién
nham xéc dinh céc chét trc ché PknG mdéi véi khung héa hoc da dang. Cac mé hinh 3D-
pharmacophore duwa trén céu tric va dwa trén phéi tr da duroc phét trién, nhung chi mé hinh
dwa trén céu tric dap (ng yéu clu sang loc. Khodng 22 triéu hop chét tir co s& dir liéu
DrugBank va ZINC15 da duwoc sang loc, tiép theo la cac buoc dw doan dugce dong hoc — déc
tinh (ADMET), docking phén t&, mé phdng dong lwc hoc phén t& (MD) va tinh todn ndng
lrong tw do lién két. Ttr 2.865 hop chét, cé 2.557 hop chat vurot qua dénh gid ADMET. Két
qua docking chon ra 55 ligand dé mé phdng MD, c6 9 chét duoc tiép tuc mé phdng & 100 ns.
Ba hop chéat — ZINC39895235, ZINC78670958 va ZINC67776115 — la tiém ndng nhét, thé
hién kha ndng gan két bén vitng théng qua nhém cho/nhén lién két hydro va vong ky nudéc.
Nghién ctru nay da xay dwng thanh céng mét quy trinh sang loc do hop ly va xac dinh duoc
céc trng vién tiém néng cho viéc kiém chirng sinh hoc tiép theo dbi véi PknG.
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IN SILICO IDENTIFICATION OF PROTEIN KINASE G INHIBITORS
FOR TUBERCULOSIS THERAPY

SUMMARY

Protein kinase G (PknG) is a virulence factor of Mycobacterium tuberculosis that supports
anti-phagocytic activity during infection. Despite prior research, only a few inhibitors have
been reported and none progressed to clinical trials. This study applied a comprehensive in
silico workflow to identify novel PknG inhibitors with diverse scaffolds. Structure-based and
ligand-based 3D-pharmacophore models were developed, but only the structure-based
model met validation criteria for screening. Approximately 22 million compounds from
DrugBank and ZINC15 were screened, followed by ADMET filtering, molecular docking,
molecular dynamics simulations, and binding free energy calculations. From 2,865 initial hits,
2,657 compounds passed ADMET evaluation. Docking shortlisted 55 ligands, with nine
advanced to 100 ns MD simulations. Three compounds - ZINC39895235, ZINC78670958,
and ZINC67776115 - emerged as top candidates, displaying stable binding through
hydrogen bond donors/acceptors and hydrophobic rings. This study established a rational
virtual screening protocol and identified promising leads for further biological validation
against PknG.

Keywords: Protein kinase G, in silico, virtual screening, molecular dynamics simulations.

1. DAT VAN BE

Bénh lao 1a bénh nhiém trung do vi khuan
Mycobacterium tuberculosis tién trién man
tinh, gay ra nhidu anh hwéng truc tiép dén
phdi va la nguyén nhan gay t& vong hang
dau trén thé gidi. Vi khudn M. tuberculosis
xam nhap vao co thé chd yéu qua dwdng ho
hép. Khi dén phéi, ching sé bi b&t gitr béi
cac dai thwc bao phé nang sau dé chuyén
vao moi trwdng phan hdy cda lyzosom. Tuy
nhién, M. tuberculosis van ton tai trong moi
trwong diét khuan cla dai thwc bao théng
qua sy phoéng thich protein kinase G (PknG),
mot trong 11 serin/threonin protein kinase
(STPK), vao bao twong."*! Chinh co ché
nay da gay ra sw (rc ché phan &ng tbng hop
phagosome - lyzosom va lam trung gian cho
sw tén tai ndi bao clta vi khuin. Do dé, chat
(¢ ché PknG tré thanh déi twong nghién
clru quan trong nham hé tro dai thwc bao
tiéu hiy M. tuberculosis, nhat la trong bbi
canh cac thubc diéu tri lao hién nay chd yéu
déu can thiép vao qua trinh sinh ly cla vi

khuén."'*®! Nghién ctru sang loc &o cac hop
chat tidm ndng (rc ché protein kinase G
trong diéu tri bénh lao bdng mé hinh 3D-
pharmacophore, docking va mé phdng dong
lwc hoc phan t&r dwoc thwe hién nham muc
tiéu nghién ctru tim kiém cac hop chét thubc
tiém nang (¢ ché PknG & mirc do phan tir
bang sw hd tro' clia may tinh.

2. DOl TUONG VA PHUONG PHAP
NGHIEN CUOU

Nghién ctru thwe hién xay dwng va danh
gia 2 mé hinh 3D-pharmacophore dwa trén
céu truc (SBP) va dwa trén phdi tr (LBP)
bang phan mém MOE 2022.2. Sau d6, cac
tap co s& dir lieu (CSDL) ZINC15
(http://zinc15.docking.org) va  DrugBank
(https://go.drugbank.com/) da dwoc sang loc
lan lwot qua mo hinh LBP va SBP da xay
dung. Cac chét théa 2 md hinh nay tiép tuc
dwoc danh gia cac dac tinh dwgec déng hoc
bang phdn mém ADMET Predictor 10.4.
Cubi cung nghién ciru tién hanh docking
bang phan mém AutoDock Vina 1.1.2 nhirng
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hop chéat v&i mot sb muc tiéu trung tam da
xac dinh & mang lwéi dwoc ly, mé phéng
dong lwc hoc phan t& trén phan mém
GROMACS 2023.1. Twr d6, dwa ra két luan
vé cac chat &wc ché hoat tinh PknG tiém
néng I&n muc tiéu vi khudn M.tuberculosis.

21.Co s& div liéu

AX20017 la chéat dau tién dwoc bao cao
c6 hoat tinh (rc ché PknG in vitro théng qua
viéc (rc ché canh tranh vi tri gan két ATP
(ICs0 = 0,39 puM).®! Nghién ctru da tdng hop
duoc thém 44 chét e ché PknG co gia tri
IC50 c6 chirng dbi chiéu AX20017. Tw gia tri
ICso clia AX20017, nghién ctru chia cac chét
thanh 2 tap di¥ liéu dung cho danh gia mo
hinh pharmacophore: tap hoat tinh chra 11
chét c6 ICso thdp hon AX20017 va tap khong
c6 hoat tinh gébm cac chét con lai. C4u tric
ddng két tinh protein PknG va chét Grc ché
AX20017 dwoc chup bdng phwong phap
nhiéu xa tia X v&i dd phan giéi 2,4 A sé dwoc
Iy tlr ngan hang di¥ liéu Protein Data Bank
(ma pdb: 2PZI).!

2.2, Xay dwng mé hinh 3D-
pharmacophore

DPéi véi moé hinh 3D-pharmacophore dua
vao phoi tlr, 3 chat tlr tap co hoat tinh ¢
khung cAu tric khac nhau dwoc chon lam
tap xay dwng. Bén canh do, twong tac gilra
chéat dbéi chiéu AX20017 va PknG trong cau
trac doéng két tinh s& dwoc dung dé xay
dwng md hinh 3D-pharmacophore dwa vao
clu trac. Cac md hinh xay dung tw 2
phuvong phap sé duwgc danh gia qua cac
théng sbé do nhay (Se), do d&c hiéu (Sp) va
dd dung (Acc) thong qua tap cé hoat tinh va
tap khéng cé hoat tinh.

2.3. banh gia dwoc dong hoc (ADMET)

Nghién ciru st dung phan mém ADMET
Predictor 10.4 dé danh gia cac dac tinh dwoc
doéng hoc ctia nhirng chét théa 2 mé hinh 3D-
pharmacophore théng qua mé hinh rdi ro
ADMET risk & tbng cGia 3 md hinh rdi ro nhd
hon: hédp thu (Absn_Risk), chuyén hoa
(CYP_RIisk) va doc tinh (TOX_Risk). Bang 1
trinh bay ngwdng rui ro cla tirng mé hinh.

Bang 1. Ngwéng rai ro cua cac mé hinh

Rui ro ADMET téng Rui ro hap thu Rui ro chuyén héa Rui ro déc tinh
(ADMET _risk) (Absn_Risk) (CYP_Risk) (TOX_Risk)
7 4 2 2

2.4. Gan két phan tir (docking)

Nghién ctru tién hanh docking béng phan
mém AutoDock Vina 1.1.2 dwa trén cac acid
amin quan trong & khoang gén két ciia PknG
va chét trc ché dbng két tinh AX20017 duoc
b&o cdo bdi Scherr va céng sw, bao gbém:
11e87, Ala92, lle157, Ala158, lle165, Val179,
Lys181, Met232, Glu233, Tyr234, Val235,
Gly236, Met283, 1le292 va Asp293.") Cac
chét dwoc danh gia la tiém nang cho buwdéc
tiép theo dwa trén 2 tiéu chi: diém sb
docking tét hon (thdp hon) so véi chat dbi

chiéu AX20017 va kha nang twong tac cua
chat v&i 15 acid amin quan trong trong
khoang gan két nhiéu hon so véi AX20017
théng qua cong cu tryc tuyén PLIP
(https://plip-tool.biotec.tu-dresden.de/plip-
web/plip/index).

2.5. M6 phoéng dong lwc hoc phan twr
(MDs)

Sau khi docking, cac chét tiém ndng duoc
tién hanh mo phéng dong Iwc hoc phan lwc
badng phan mém GROMACS 2023.1.2% 3
Nghién cltru sl dung tredng Iluwc

TAP CHI Y DUQC HQC SO 64 - THANG 9/2025

27



CHARMMZ27 v&i mo hinh nwéc TIP3P vao
hop da giac 12 mat c6 khoang cach tir tam
protein dén cac bé mat ctia hop la 1nm.
Sau d6, hé dwoc trung hoa dién tich bang
cac ion va tién hanh tbi thidu hoa nang
lwong trong th&i gian 100 ps v&i nhiét do
300K va ap suét 1 bar (0,987 atm). Qua
trinh mé phéng dién ra trong 20 ns dé theo
déi sw 6n dinh cha protein PknG vé&i cac
phéi tr tiém nang. Pd én dinh cda phic
hop PknG vé&i cac chét tiém ndng dwoc
danh gia qua gia tri can bac hai do léch
trung binh binh phwong (RMSD), ban kinh

quay (Rg) va dién tich bé mat tiép xuc
dung moi (SASA).

3. KET QUA VA BAN LUAN

3.1. M6 hinh 3D-pharmacophore

DPéi v&i mé hinh 3D-pharmacophore dya
vao phdi t&r, nghién cru xay dwng duoc 3
mo hinh dwa trén nhirng diém truy van ma
phdn mém MOE 2022.2 dé& xuét (hinh 1).
Trong do6, nghién clru da danh gia va lwa
chon mé hinh Ph1_1 gdm 4 diém F1 va F2
(Hydrophobic), F3 (Don), F4 (Aro) cho két
qua tét nhat do cac gia tri d6 nhay, d6 dac
hiéu va do ding déu trén 0,7.

Ph1_3

Hinh 1. Cdc mé hinh pharmacophore duwa trén phéi ti va céu tric
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M6 hinh 3D-pharmacophore Ph2_1 4 diém F1 (Aro), F2 (Don), F3 (Acc) va F4
dwoc xay dwa trén twong tac cia chat wc  (Don) (hinh 1). K&t qua danh gia cla ca 2
ché AX20017 v&i cac acid amin quan trong  md hinh LBP va SBP dwoc trinh bay &
cta PknG gém Val235, Glu233, 11e292 v6i  bang 2.

Béang 2. Bdnh gid 3 mé hinh pharmacophore xay dwng dwoc tie phéi tr
va mé hinh pharmacophore 4 diém xay tw cau trdc protein

M6 hinh | TA | TD | Ha | Ht Do nhay (Se) Do dac hiéu (Sp) Do ding (Acc)
Ph1_1 9 | 459 | 7 139 0,78 0,71 0,71
Ph1_2 9 | 459 | 5 83 0,56 0,83 0,82
Ph1_3 9 | 459 | 6 | 271 0,67 0,41 0,42
Ph2_1 11 | 561 | 11 54 1,00 0,92 0,92

(TA: sb chét co hoat tinh, TD: tdng s chat danh gia mé hinh, Ha: sé chat cé hoat tinh
théa mé hinh, Ht: sb chat thda mé hinh)

Sau qua trinh sang loc qua hai md hinh  qua phéu loc “Luéat 5-Lipinski” cho cac phan tir
pharmacophore, sd chét thoa ca hai md hinh  lam thudc dwdng ubng ddi véi cac chét tir tap
tlr tap Drugbank va ZINC15 lan Iwot 1a 7 va  ZINC15, c6 24.473 chét thoa cac yéu cau. Két
28.245 chét. Sau khi xo4 tring 1ap va loc thém  qua chi tiét dworc trinh bay & béng 3.

Béng 3. Két qua sang loc qua 2 mé hinh Ph1_1 va Ph2_1
bang 2 thw vién ZINC15 va DrugBank

. . 6 chat sau khi
Tap CSDL | S6 chat ban ady | SO chdt thoamé | S6 chat thoa mo :;a(;ra;; Iip va
g hinh Ph1_1 hinh Ph2_1 N
- - luat 5-Lipinski*
DrugBank 2.125 483 7 7
ZINC 12.921.916 3.705.356 28.245 24 473
Tbng céng 24.480
*Chi tién hanh déi véi CSDL ZINC15
3.2. banh gia ADMET hoc nhdm dy doan céc rii ro hdp thu, chuyén

Sau khi sang qua 2 md hinh hoa va doc tinh. Két qua thu dwoc 21.208 chét
pharmacophore, cac chat thda mé hinh tiép thda ca 4 ngudng rii ro (bdng 4) va dwoc st
tuc dwoc danh gia cac dac tinh dwoc dong  dung cho cac budc sang loc tiép theo.

Bang 4. Két qua sang loc ADMET

S6 chét théa nguwéng rii ro S6 chét théa
Tap divliéu | ADMET tdng | Hapthu | Chuydnhéa | Déc tinh g
<7 <4 <2 <2 ca £ ngtrong
ZINC15
(24.473 chét) 23.993 24.334 22.541 23.175 21.202
DrugBank
) 7 7 7
(7 chét) 6 ®
Téng cong 21.208
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3.3. Docking phan to

Két qua docking cho thay cé 21.205 chét
gén két thanh coéng vao khoang (chiém
99,98%). Piém sé docking cla tap ZINC15
dao dong trong khoang tlr —4,7 kcal.mol”
dén —12 kcal.mol", cGa tap DrugBank
tv —7,1 kcal.mol’ dén -8,9 kcal.mol™.
Diém s6 docking clGa chat dbi chiéu
AX20017 v&i protein PknG trong khoang
gan két 1a —10 kcal.mol'. Do d6, céac
hop chat dwoc lwa chon phan tich PLIP

VAL179 LYS181

i
ASP293

ILE292
VAL235

....

ZINC102622309 (10,2 kcal.mol™")

la cac hop chat c6 diém sbd docking
dwdi —10 kcal.mol™. Két qua cho thay c6 12
chét tir tap ZINC15 hinh thanh twong tac
v&i nhiéu hon 6/15 acid amin quan trong,
twong déng v&i mo thirc gén két cla chét
dbi chiéu AX20017. Vi thé, nghién ctu tién
hanh mé phéng doéng lwc hoc phan t& voi
12 chét nay.

Hinh 2 trinh bay twong tac cla 4 chét tao
dwoc nhiéu twong tac nhat trong khoang
gén két PknG.

VAL235

LyS181

.

sty
H\: )
\ ILE157
ALA92

ZINC027355809 (-10,2 kcal.mol™)

ILE165

ILE87

Hinh 2. Cdc chat c6 nhiéu twong téc véi acid amin quan trong nhét
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3.4. M6 phéng dong lwc hoc phan to
(MDs)

Cudi cung, nghién ctu thwc hién mod
phdng déng lwc hoc phan tlr dbi véi cac
phrc hop duoc Iwa chon trong 20 ns. D6 6n

dinh clGa cac cu truc trong qua trinh mé
phéng duwgc danh gia théng qua gia tri
RMSD cua protein va phéi tr, gyrate Rg va
SASA. Cac gia tri trung binh dwoc trinh bay
& bang 5.

Béng 5. Két qua céc gia tri RMSD, Rg va SASA cua chat déi chiéu va 12 phéi to

STT Tén chat RMSD cua protein Rg SASA RMSD cua phéi t
0 AX20017 0,21 £ 0,04 2,05+0,03 | 187,29 £ 1,51 0,04 £ 0,01
1 ZINC004714348 0,19+ 0,03 2,03 +£0,01 | 188,62 £ 1,39 0,07 £ 0,03
2 ZINC036395245 0,18 £ 0,02 2,05+0,01 | 186,26 + 1,36 0,13+0,04
3 ZINC102622309 0,16 + 0,02 2,03+0,02 | 187,59 +1,27 0,04 + 0,01
4 ZINC027355809 0,18 £ 0,03 2,05+0,01 | 187,24 £ 1,37 0,16 £ 0,02
5 ZINC100627865 0,17 £ 0,02 2,04 +£0,01 | 186,70 + 1,31 0,11 +£0,03
6 ZINC769288392 0,21 £ 0,03 2,03+£0,02 | 187,62 £ 1,25 0,20 £ 0,07
7 ZINC009870789 0,27 £ 0,04 2,09+0,03 | 187,81 £ 1,53 0,06 + 0,01
8 ZINC000053099 0,22 £ 0,03 2,02+0,02 | 186,5+1,27 0,02 £ 0,01
9 ZINC762230069 0,18 £ 0,02 2,04 +£0,01 | 186,86 + 1,26 0,26 + 0,05
10 | ZINC250208507 0,18 £ 0,03 2,04 £0,02 | 186,82 £ 1,49 0,04 £ 0,01
11 | ZINC012469299 0,19+ 0,03 2,05+0,02 | 188,62 £ 1,54 0,15+ 0,02
12 | ZINC013131592 0,17 £ 0,02 2,03+0,01 | 187,05+ 1,24 0,07 £ 0,02

Tr&r phirc hop clia chat ZINC009870789
c6 gia tri RMSD protein va bién dé dao
dong kha lén, gia tri RMSD cla protein
trong phtc hop v&i cac phéi tr con lai
twong dbi thdp hon so v&i phirc hop cua
chat dbi chiéu AX20017. Diéu nay dw
doan do 6n dinh cla chat ZINC009870789
trong khoang gén két 1a kém hon so v&i
cac chéat con lai. Bén canh dd, gia tri Rg va
SASA & cac phirc hgp nhin chung kha
twong déng véi phirc hop cha chéat dbi

chiéu. Khi xét dén dd n dinh cta phdi to,
nghién ctu ghi nhan duwoc 3 chat co gia tri
RMSD phéi t&r nhé hon gia tri & chat dbi
chiéu 1a ZINC102622309, ZINC000053099,
ZINC250208507. Dong thoi, bién dé dao
dong & cac chét nay ciing rat nhd, cho thay
kha n&ng gén 6n dinh trong khoang ctia cac
phdi t& nay la rat I&n. Biéu dd gia tri RMSD
cla protein (mau den) va cla phéi t& (mau
dd) trong phirc hop cha 3 chét tiém nang
duworc trinh bay trong hinh 3.
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Hinh 3. Biéu dé gia tri RMSD cta protein va ctia phéi tur.

3.5. Ban luan

Hwéng tiép can moé hinh pharmacophore
dwa vao ciu tric va dwa vao phdi t&r da
dwoc thwe hién b&i 2 nhém nghién cru khac

trén thé gisi [ 2. Cac chét tiém nang cula
nghién clru nay va cac nghién ctu trwdc dé
vé chét rc ché PknG duoc trinh bay 1an luot
trong hinh 4 va hinh 5.

32
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ZINC102622309

N ONH
QLI

ZINCO00053099

ZINC250208507

Hinh 4. Cédc chét tiém nang cua nghién ciu

Khi so sanh cdu truc cac chat cé kha
ndng c ché PknG & két qud cla céc
nghién cu trwdc day (hinh 5), nhin chung
cac chéat nay déu chra kha nhiéu vong ma
cht yéu 1a cac di vong nito. Diéu nay phu
hop v&i tinh ky nwdc trong khoang gan két
nhw Scherr va cong sy da cong bé . Cac

NH,
N)\N
g
N7 N
cl N=N
NRB04248
o)
o)
N
o)
o)
@ !

(e}
NN
A
N~ N N

RH01440

chat ma nghién ctu tim dwoc cling mang
cac dac diém twong tw. Dwa trén cac két
qua kha quan do, diéu nay da goi y rang
viéc két hop ca hai loai mé hinh ciing la
moét hwéng tiép can tiém ndng va tang
cwong kha nang tim dwoc cac chat co hoat
tinh &c ché PknG.

o)

/Ez
o
/

N\fN
NH,
FMO00174
NH,
N\
o) | NN
0
HN N Y
H NH,
ZZN
- |
R0O9021

Hinh 5. Cdc chét tiém nang ctia nghién ctru trérc day "7
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4. KET LUAN

T hon 12 triéu chét thudc 2 thw vién hop
chét hoa hoc ZINC15 va DrugBank, nghién
cbeu da xdy dwng va sang loc
pharmacophore thu dwoc 24.480 chét, sau
doé danh gia ADME con 21.208 chét c6 dac
tinh dwoc dong hoc thich hop. Tiép theo,
nghién clu tién hanh docking, Iwa chon
dwoc 12 chat c6 diém sb docking thap hon
-10 kcal.mol™ va twong tac véi trén 6 acid
amin quan trong cho qua trinh mé phdéng
dong lwc hoc phan tlr. Sau moé phdng, cac
chat  ZINC102622309, ZINC000053099,
ZINC250208507 dwoc danh gia la cé thé
gén bn dinh trong khoang gén két. Dé tai dé
nghi tiép tuc md phdng dong lwc hoc & thoi
gian dai hon va tinh toan nang lwong lién két
tw do cta phirc hop nham danh gia sau hon
vé khad nang gén két ciing nhw dd 6n dinh
cla cac chat tiém nang. Bdng thoi, cac tht
nghiém in vitro cling can dwoc thuc hién dé
khang dinh hoat tinh (rc ché PknG cla cac
chét nay.

Nghién ctru dworc tai tro béi Pai hoc Quéc
gia Thanh phbé H6 Chi Minh véi dé tai
NCM2024-44-01.
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