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Sang loc in silico cac chat irc che tiém nang ctia enzyme Fabl
tw Staphylococcus aureus
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Nghién ctru ndy nham phat hién cac chit &c ché tiém niang méi cia enzyme Fabl (enoyl-acyl carrier
protein reductase) twr Staphylococcus aureus thong qua tich hgp mo hinh pharmacophore, docking phan
tir va m6 phong dong lwc hoc phan tir (MD). Dwa trén twong tac giira Fabl va chit d6i chirng AFN-1252
(N-(2-methylphenyl)-5-methyl-3-phenyl-4-isoxazolecarboxamide), mét mé hinh pharmacophore gom 5 dic
diém phan tir dwoc xay dwng va sir dung d€ sang loc trén 13 triéu hop chit tir thw vién ZINC. C6 2.216 hop
chit théa man mo hinh (RMSD<1 A) dwoc thwe hién docking giit nguyén cofactor NADPH (nicotinamide
adenine dinucleotide phosphate) bing phin mém AutoDock Vina. 13 hop chit cé diém docking bang hoic
thip hon AFN-1252 (-11,2 kcal/mol), trong d6 bén hgp chit twong tac dong thoi véi NADPH va cac amino
acid quan trong dwgc chon dé€ mé phong MD va tinh toan ning lwong lién két theo phwong phap MM-PBSA
(Co’ hoc phén ti, dién tich bé mit Poisson-Boltzmann). Két qua cho thiy, cac phin tir nay duy tri twong
tac v&i cac goc amino acid va NADPH. Pac biét, ligand 760 thé hién dé 6n dinh cao va nang lwong lién két
-18,99 kcal/mol, cho thiy tiém ning phat trién thanh chait trc ché Fabl c6 hoat tinh khang Khuan.
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Abstract:

This study aimed to identify novel potential inhibitors of the Fabl enzyme (enoyl-acyl carrier protein
reductase) from Staphylococcus aureus through the integration of pharmacophore modelling, molecular
docking, and molecular dynamics (MD) simulations. Based on the interaction between Fabl and the
reference compound AFN-1252 (N-(2-methylphenyl)-5-methyl-3-phenyl-4-isoxazolecarboxamide), a
pharmacophore model consisting of five molecular features was constructed and used to screen 13 million
compounds from the ZINC library. A total of 2,216 compounds satisfying the model criteria (RMSD<1 A) were
subjected to molecular docking using AutoDock Vina while retaining the NADPH cofactor (nicotinamide
adenine dinucleotide phosphate). 13 compounds showed docking scores equal to or lower than that of
AFN-1252 (-11.2 kcal/mol), among which four compounds that simultaneously interacted with NADPH
and key amino acid residues were selected for MD simulations and binding energy calculation using the
molecular mechanics Poisson-Boltzmann surface area (MM-PBSA) method. The results showed that these
molecules maintained interactions with amino acid residues and NADPH. In particular, ligand 760 exhibited
high stability and a binding energy of -18.99 kcal /mol, indicating its potential for further development as a
Fabl inhibitor with antibacterial activity.
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1. it van de

Sw gia tang nhanh chéng cia cic ching vi khuin
khang khang sinh, ddc biét la Staphylococcus aureus
khang methicillin (MRSA), dang tré thanh mot moi de
doa nghiém trong déi véi strc khde cong dong toan ciu.
Trong béi canh d6, enzyme Fabl (enoyl-acyl carrier
protein reductase) 1a mot enzyme quan trong trong qua
trinh téng hop acid béo cua vi khudn, nhwng khong cé
& té€ bao con nguoi, tré thanh moét muc tiéu tiém nang
trong tim ki€m cac phan t& c6 hoat tinh khang khuin
chonloc[1, 2].

Phan t&¢ AFN-1252 (N-(2-methylphenyl)-5-methyl-
3-phenyl-4-isoxazolecarboxamide), mét chit &c ché
chon loc Fabl, da cho thiy hiéu qua cao trong cac thir
nghiém lam sang, dac biét véi cac ching S. aureus [3].
Tuy nhién, vi khudn luén phat trién dé khang, nén viéc
phét trién thém cac chit twong tw hoic vwot troi AFN-
1252 1a can thiét d€ mé rong phé tac dung, khic phuc
kha nang khang thudc, cing nhw cai thién dwoc dong hoc
cta phén ti thudc.

Phét trién mot phan tir thudc 13 mot qua trinh tén
thoi gian va tién bac. Cung véi sw phat trién cia cong
nghé tin hoc, sang loc in silico tré thanh mot cong cu
tiém nadng gidp khao sat nhanh mot s6 lwong rit 16m cac
phan tt, tir d6 gitp rut ngdn thoi gian cling nhw cong strc
trong viéc tim kiém phan t c¢é hoat tinh khang khuin.
Trwéc nhu ciu do, nghién ctru nay dwoc thwc hién nhim
phét trién mot quy trinh sang loc in silico tich hop tw
md hinh dwoc 1y hoc (pharmacophore) dén mé phong
dong lwc hoc phan tir (MD) va tinh to4n ning lwong gin
két (MM-PBSA), v&i cac muc tiéu: phat hién cac chit méi
tir thw vién phan tir ZINC thwong mai c6 kha ning bat
chwéc mo hinh twong tac cia AFN-1252 véi Fabl; danh
gia mirc dd phu hop hinh hoc va 4i lwc gan két so véi chat
déi chirng AFN-1252; xac dinh cic phan tir tiém nang dé
tiép tuc phat trién nhw nhitng &ng vién khang khuin
nham vao Fabl.

2. Phuong phap nghién ciiu

Trong nghién cru nay, nhém nghién ctu trién khai
quy trinh sang loc in silico nham phat hién cac chat tc
ché tiém nang cla enzyme Fabl cia S. aureus. Phuwong
phép két hgp mo hinh pharmacophore, docking phéan tir
va mé phéng MD, cu thé gom cac buéc sau:

2.1. Co’ s dir liéu nghién ctru
C4u tric dong két tinh enzyme Fabl, NADPH va chit tc

ché& AFN-1252 c¢6 mia 4FS3 (phién ban 1.2 dwgc cap nhat
ngay 13/9/2023) dwoc 14y tlir ngin hang dir liéu protein
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https://www.rcsb.org/ [4]. C4u tric ndy dwoc xac dinh
tlr ching MRSA252 ctia vi khuln S. aureus c6 do phan giai
1,8 A. C4u triic nay gdbm 256 amino acid cling 2 phan ti
nho 1a NADPH (ID: OWD) va AFN-1252 (ID: OWE). C4u
triuc nay dwoc stra 16i bang phan mém MOE 2024.06 [5] va
dwoc str dung trong xdy duwng mo hinh pharmacophore,
docking phan ti va dong lwc hoc phan ti.

Co s& dit liéu sang loc: Tap dir liéu ZINC thwong
mai (ZINC purchasable subset) gom 13.127.550 chét,
st dung thong qua https://zincpharmer.csb.pitt.edu
[6]. DAy 1a mot server online chira sdn c4c ciu dang clia
nhiéu tap dir liéu, thuln loi cho sang loc cac tip dir liéu
16n qua mo hinh pharmacophore.

2.2. Xday dwng mé hinh pharmacophore

M6 hinh dwoc xdy dung dwa trén cac dac trung
twong tac phan t& clta chat doi chitng AFN-1252 véi
Fabl (4FS3), bao gbm: nhém nhén va cho lién két hydro,
vung ky nwéc/vong thom. St dung chirc nang Ligand
Interactions trong phin mém MOE 2024.06 dé tim
twong tac cda cac nhém chirc trén AFN-1252 va enzyme
Fabl (amino acid, NADPH), cac twong tac chinh sé duoc
tinh toan va cho gia tri nang lwong lién két. M6 hinh
pharmacophore dwoc xdy dung dua trén cac tiéu chi:
twong tac tinh dién, nang lwong lién két 16n (cang 4m
cang tot); twong tac véi cofactor.

2.3. Sang loc thw vién phan tir

Thw vién gom 13.127.550 hop chit tir co sé& dir liéu
ZINC thong qua https://zincpharmer.csb.pitt.edu dwoc
sang loc theo md hinh pharmacophore da xay dung véi
tiéu chi RMSD<1 A, @& dam bao dd twong dong hinh hoc
véi AFN-1252. Cac phén tir dat tiéu chi dwoc gitr lai dé
thwc hién buéc tiép theo.

2.4. Docking phdn tiv véi enzyme Fabl giiv lai
cofactor NADPH

Docking dwoc thuc hién bang phan mém AutoDock
Vina [7], trong d6 enzyme Fabl dwgc giit lai cofactor
NADPH, nham mé phéng ding diéu kién sinh hoc tw
nhién, va cho phép phéat hién cic twong tac phdi hop
ligand - enzyme - cofactor. Két qua dwoc danh gia dwa
trén diém s6 docking (kcal/mol), so sdnh véi chat ddi
chirng AFN-1252. Cac bwéc tién hanh docking bao gom:

Chudn bi phdn ti¥ protein: Phan tix 4FS3 sau khi
dwoc 1am sach (x6a phan tir nwéc, ligand) bang phan
mém ChimeraX con lai chudi A gdbm 256 amino acid va
cofactor NADPH [8]. Tién hanh chuin bi phan ti protein
cho docking bang coéng cu DockPrep trong AutoDock
Tool bao gdbm qua trinh proton héa, gin dién tich, thiét
1ap phan t cho AutoDock.
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Chudn bi ligand: Cac ligand sau khi sang loc dwoc
chuin bi lai bing phan mém MOE 2024.06 bao gom qua
trinh stra 16i cau truc, tich dién, proton héa & pH 7.

Docking: Tién hanh docking phan tir bang AutoDock
vina véi thong sd: Vi tri hop dwoc xac dinh véi hé truc toa
do x=112, y=55, z=36. Kich thwéc hop 20x20x20 A. Cac
thong s6 nay dwa trén vi tri cia AFN-1252 trong khoang
gan két va dwoc xac dinh bang phan mém Chimera.

Phén tich két qud: Cac hop chit c6 diém docking
tot hon AFN-1252 dwoc chon dé phan tich twong tac
protein-ligand. Nhitng hop chat c6 twong tac véi cac
amino acid quan trong trong khoang gan két hoic véi
NADPH duoc tiép tuc md phéng dong hoc phan tir nham
danh gia do 6n dinh, sy duy tri twong tac va nang lwong
tw do gan két.

2.5. M6 phéng ddong lwc hoc phdn tiv

Qua trinh docking bang phan mém AutoDock Vina
dwoc thwe hién trong trang thai phan tir protein & trang
thai tinh. Do d6, d€ md ta chinh xac hon twong tac giira
protein va ligand dwoc thwc hién qua qua trinh mo
phéng MD (bang 1).

M6 phong MD dwgc thwc hién trong diéu kién
moi trwong nuwdc (explicit solvent) bang phin mém
GROMACS 2024.04 trén hé diéu hanh Linux (Ubuntu
24.04). Qua trinh m6 phong str dung céc thong so: treong
lwc (Force field): CHARMM27, hé théng dwoc dit trong
hép ba chiéu (triclinic) khodng cach t6i thiéu tir protein
t&i thanh hop 1 nm dwgc thiétlap & diéu kién tuan hoan;
thoi gian moé phéng 100 ns [9, 10].

Bang 1. M6t s6 thong sé danh gia két qua mé phéng déng lwc hoc
phan to.

Thongsé  Tén day du Y nghia Pon vi
Root Mean Square Mre ?Q tl}ay dql. 5
RMSD L nguyén twr so voicau nm
Deviation , e
tric tham chiéu
RMSF Root Mef'm Square D\(_) dao dong trung am
Fluctuation binh
Molecular Mechanics Uéc tinh ndn
MM-PBSA/ Poisson-Boltzmann/ lwone lién ké'% el
GBSA Generalized Born wong

Surface Area ligand-protein

2.6. Tinh todn ndng lwong tw do gan két MM-PBSA

Phwong phap Co hoc Phan tir - Dién tich bé mat
Poisson-Boltzmann (MM-PBSA) va Co hoc Phan ti -
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Dién tich bé mait Born téng quat tinh toan ning lwong tw
do gin két bang cach tinh chénh léch niang lwong tw do
gitra trang thai gan két va khong gan két cia hai phan t
dwoc solvat hoa.

Nang lwong tw do lién két gitra protein va ligand dwoc
tinh bang cong thirc:

AG .

gan ké't= Gphzi/c hop - (Gprotein *

Gligand) (1)

la chénh léch nang lwong tw do gitta

dn két:

trong do: 4G,
trang théi gdn kétvakhong gankét; 6, ., . G .. G =
IAn lwot 12 ning lwong tw do trang thai gin két va solvat
héa cua phirc hgp protein-ligand, protein va ligand,

duoc tinh todn dwa vao cong thirc (2).

G=E,+G, . ~TS )

solvathéa

trong dé: x la protein, ligand va phttrc hop protein-ligand
E,,lanangluwong co hoc phan tir trong chan khong dwoc
tinh todn dwa vao trwong lwc. S 1a entropy, trong phwong
phap MM-PBSA bé qua déng gop nay. G, ., - 1a nang
lwong tw do solvat hda bang tdng cac dong gop tinh dién
dwgc wéc tinh tir cac mo6 hinh nhw phwong trinh Poisson
- Boltzmann va déng gép khong tinh dién dwgc wéc tinh
tir dién tich bé mat phan tk tiép xtic véi dung mai [11].

Nghién ctru nay st dung cdng cu g_mmpbsa ctia phan
mém GROMACS dé tinh chénh 1éch nang lwgng tw do gan
két theo phwong phap MM-PBSA. Gia tri nay cang am,
chirng t6 hé sinh ra cang bén. Dva trén két qua dwgc so
sanh v&i AFN-1252 ¢6 thé xac dinh dwoc cic phan ti ¢6
tiém ndng phat trién.

2.7. Phan tich ADME (Hdp thu - Phan bé - Chuyén
héa - Thdi trir) cia cdc chdt tiém ndng

Trongnghién ctru nay, cicthong s6 ADME ctiabdn hop
chit tiém ning dwoc dw doan bang cong cu SwissADME
(https://www.swissadme.ch). C4u tric SMILES cua cac
hop chit dwoc nhip vao dé phan tich cac dic tinh dwoc
dong hoc nhw kha nang hap thu qua dudng tiéu hda, kha
nang vuot hang rao mau ndo va twong tac véi enzyme
CYP450. Két qua thu dwoc ho tro qua trinh chon loc cac
trng vién phu hop dé phat trién thanh thudc tiém nang
[12].

£ 2 ~ ~ ~
3. Két qua va ban luan

K&t qua qua trinh sang loc tip ZINC qua cdc md hinh
sang loc dwoc tom tat nhw hinh 1.

o1
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T\

Mb ta phan tir

docking Chét tiém nang

ZINC: 13.127.550 phan ti

M hinh

2.216 phan tor

ph

Hinh 1. So’ dd quy trinh sang loc cac chét tiém ning (rc ché Fabl trén vi khuan S. aureus.

(A) (8)

Hinh 2. (A) M6 hinh pharmacophore cac chét (rc ché Fabl. (B) Twong tac cia AFN-1252 va Fabl. F1, F3: Acc: nhém nhan lién két hydro;
F2: Don: nhém cho lién két hydro; F4: Hyd|Aro nhém ky nwéc hodc vong thom; F5: Hyd: nhém ky nuéc.

3.1. M6 hinh pharmacophore

Phéan tich twong tac phan t& (bang 2) cho thidy AFN-
1252 tao lién két hydro va twong tac m-H véi ca cic amino
acid cua enzyme Fabl va cofactor NADPH (OWD301).
Cu thé, phan t&r AFN-1252 tao lién két hydro manh véi
alanin 97 (Ala 97) bao gébm ca twong tac cho hydro va
twong tac nhan hydro trén mo6 hinh pharmacophore
duoc xay dung thé hién qua yéu td F1:Acc, F2:Don. Phan
tir AFN-1252 tao lién két hydro véi Tyrosine (Tyr) 157,
gitip c¢6 dinh phan tir trong khoang gin két ctia Fabl, dworc
thé hién qua yéu t6 F3:Acc trén mo hinh pharmacophore
(hinh 2).

Hai twong tac véi cofactor NADPH: Mot lién két hydro
gitta nhém -OH ctia NADPH (2.61 A) dwoc thé hién qua
yéu té F3:Acc trén mé hinh pharmacophore dong thoi
mot twong tac m-H gilta vong thom trén AFN-1252 véi
NADPH thé hién qua yéu t6 F5:Hyd giup ting cudng do

JHOAHOC | -

Bang 2. Cac twong tac chinh ctia Fabl va AFN-1252 tinh toan biang
MOE 2024.06.

. . “.'?“g l’(u'(_rng Khoang LOi_i.i tl{’m}g tac

Amino acid lién két cich (A) (vai tro ctia AFN-
(kcal/mol) 1252)

Alanin 97 -3,7 2,83 Cho hydro
Alanin 97 -3,2 2,97 Nhan hydro
Tyrosine 157 -2,0 2,77 Nhan hydro
NADPH (0WD301) -1,2 2,61 Nhan hydro
NADPH (0WD301) -0,7 3,37 H-mt
Valin 201 -0,6 3,67 I1-H

on dinh. Cudi cung vong thom trén AFN-1252 cho twong
tac m-H véi nhém Ky nwéce trén Val 201, dwoc thé hién
qua nhém F4:Aro|Hyd trén md hinh pharmacophore
(hinh 3A). Hinh 3B cho thdy, phan tir AFN-1252 nam
gon trong khoang gan két cdc nhém chirc than dau nhw
2 vong thom va chudi alkyl twong (rng véi cac viing acid
amin than diu nhw alanin, valin, phenylalanin, leucin.

92



Khoa hoc Tu nhién | Khoa hoc su s6ng; Khoa hoc tinh todn; Khoa hoc Y - Dugc | Dugc hoc s

Tém lai, mé hinh twong tac cho thiy, AFN-
1252 khong chi twong tac véi enzyme, ma
con tin dung twong tac véi NADPH dé tang
cwong ai lyc va tinh chon loc. Co ché nay
mang y nghia dwoc ly quan trong, goi y rang
cac ligand dwoc thiét ké trong mo hinh c6 thé
twong tac canh tranh v&i co chat tai vi tri tac
dong. Viéc cai thién twong tac gitra ligand va
enzyme, ligand va NADPH c6 thé gitp ligand
On dinh hon trong khoang gan két. Twong
tac véi NADPH hodc Tyrosine 157 c6 thé la
mot chi diu trong xac dinh cac chat trc ché

Hinh 3. (A) Phan ttr AFN-1252 (mau vang), cofactor NADPH (mau xanh) trong
khoang gén két cua Fabl tir phan mém MOE 2024.06; (B) AFN-1252 trong khoang R o
gén két mau xanh biéu thi tinh than diu, mau tim thé hién tinh than nwée te  tXONg tw AFN-1252. Nhu vay, dva trén két
phan mém MOE 2024.06. qua twong tac phan ti gitta AFN-1252 va

enzyme Fabl (trong diéu kién c6 mat cofactor
- amiss aisramar | NADPH), mot mé hinh pharmacophore gom
5 dic trung chinh di dwoc xay dwng nham
mo td cac diém twong tic quan trong, gop
phAn tao nén cac chit c6 ai luc gén két cao.

Phan bé diém sé docking (kcal/mol)

400

Tién hanh sang loc tip ZINC qua m6 hinh
pharmacophore bing server véi RMSD<1 A
thu dwoc 2.216 chit thoa man mé hinh.

w
<3
=)

S6 lugng phan tir

3.2, Két qua docking bang phan mém
Fﬁ AutoDock Vina

N
=3
=3

Trong tong s6 2.216 chit dwoc sang loc
qua md hinh pharmacophore, tit ca déu duoc
| A ‘ docking thanh cong, diém s6 docking trong
I — khoang tir -11,7 dén -6,1 kcal/mol. Pa s6 cac
* * * 9 ® ’ ° chat c6 diém s6 docking trong khoang tir-10,0

Piém s6 docking (kcal/mol)

Hinh 4. Phan b diém sé docking 2.216 chét, dwéng mau dé thé hién gia tri 11,2 4€n -7,0 kcal/mol. Biéu do6 bi€u dién diém so
kcal/mol, twong (rng v&i diém sé docking ciia AFN-1252. docking cua cac chit thé hién qua hinh 4.

Bang 3. Diém sé docking, sé lwong lién két tinh dién véi Fabl va mét sé tinh chéat cha 13 phan tlr cé diém sé docking t6t nhét.

STT Ligand Piém s6 docking (kcal/mol) S6 lwgng twong tac tinh dién véi Fabl Cong thirc phan tir
1 796 -11,7 2% C,,H,,N,0,

2 760 -11,6 2% C,,H,,N,0

3 1723 -11,6 ¥ C,,H,N.0S,
4 169 -11,6 il C,.H,,CIN,0,
5 925 -11,5 1 C,.H,.N.O

6 1615 -11,5 0* C,,H,,N,0,

7 1623 -11,4 1 C,,H,,N,0,

8 1228 -11,3 1 C,,H,,N40,
9 1233 -11,3 0 C,,H,,N,0,
10 1456 -11,2 2 C,,H N,

11 1699 -11,2 1 C,,H,,N,0,
12 1627 -11,2 2 C,.H,,N,0,S
13 1607 -11,2 1 C,H,N.0,S

257724 6 2

*: ligand c6 twong tac v&i cofactor NADPH.
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Trong do6, 13 phan ti (bang 3) trong sé 2.216 hop
chit sang loc c6 diém docking thip hon, hodc bang phan
tir d6i chitng AFN-1252 (-11,2 kcal/mol). Diéu nay cho
th4y tiém ndng twong tdic manh hon, hodc gin két 6n dinh
hon. Cac phan tir ndy thé hién ning lwong gin két du
doan tot hon AFN-1252 va cé xu hwdng twong tac quan
trong vé&i cac goc nhw Ala 97, Tyr 157 va NADPH, vén la
cac vi tri neo chinh dwoc xac dinh tr dit liéu phan tich
twong tac truwede do (bang 2). Viéc giir lai cofactor NADPH
trong mo hinh docking dwoc danh gia la mot diém manbh,
vi cho phép phat hién cac twong tac tinh dién va twong
tac bé mat quan trong c6 thé bi bo s6t néu chi xét protein

Gy
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don thuin. Nho vdy, cac phan tir dwgc lwa chon ¢é kha
nang phan anh dwgc toan bd nhirng twong tac sinh hoc
quan trong nhw trong mé hinh ctta AFN-1252.

Trong s6 13 phan tir trén, phan tir c6 nhiéu twong tac
tinh dién véi cdc amino acid, dong thoi c6 twong tac voi
cofactor NADPH sé duwgclwa chon dé tién hanh md phong
dong lwc hoc phan ttr. 4 ligand (hinh 5) dwoc xac dinh cé
kha nédng ¢ ché Fabl hon ca sé dwgc chay dong lwc hoc
phén tir d€ xac dinh lai kha nang, bao gom: ligand 1723:
ai lwc -11,6 kcal/mol, ligand 796: ai lwc -11,7 kcal/mol,
ligand 760: i lwc -11,6 kcal/mol, ligand 169: -11,6 kcal/mol.
Céc ligand nay déu cé cac twong tac tinh dién va déu

Mot
- A160

Ligand 169

..... 3 p
: i Phe
_: - o 4% ARG {/_‘\

e I

'AST S
e

o Ll
Meat’) val
R =Y

Ligand 760

Hinh 5. Twong tac clia cac phan tir ligand: 796, 1723, 169, 760 trong khoang gan két.
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RMSD
LIG after lsq fit to Backbone

RMSD (nm)
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Hinh 6. Két qua mé phong dong lwc hoc phan tir (MD). (A) RMSD cla cac ligand so véi khung (backbone) cia protein; (B) RMSF clia cac

nguyén t& trén ligand trong thoi gian mé phong.

twong tac véi NADPH bang twong tac H-m, -1 twong tu
nhw AFN-1252 (hinh 5). Viéc ¢6 cdc nhém than dau nhw
vong thom, nhém alkyl twong &ng véi ving chiva cac
amino acid than diu trong khoang gan két gitup cac phan
tlr nay cai thién twong tac véi Fabl thong qua twong tac
Van der waals v&i cdc amino acid ky nuwéc trong phan tir
Fabl nhw alanin, phenylalanin, leucin.

3.3. M6 phéng dong lwc hoc phdan tiv

Phén tich tdng hop tir m6 phdng déng lwc hoc phan ti
(MD) (hinh 6) va tinh toAn MM-PBSA (bang 4) cho thiy,
ligand AFN-1252 giir vai tro d6i chirng véi do 6n dinh
cu tric cao (RMSD ~0,4 nm, RMSF thip, ning lwong tw
do lién két thap =-26,64 kcal/mol). Diéu nay giup khiang
dinh kha nang lién két bén virng véi dich tic dong. Két
qua nay cho thiy, AFN-1252 c6 thé 1a chat d6i chirng tot.

Bang 4. Nang lwong tw do lién két tinh bing phwong phap
MM-PBSA.

Ligand AFN-1252 Ligand 796 Ligand760 Ligand 1723  Ligand 169
Nang lwong

twdoliénkét  -26,64 -10,32 -1899 -7,18 -14,07
(kcal/mol)

Ligand 169: Mac du c6 RMSD khéng 6n dinh & 20 ns
dau tién nhung sau d6 dao doéng 6n dinh va mic dao
dong khoang 0,6 nm, ning lwong tw do lién két -14,07
kcal/mol. Diéu nay cho thay, ligand 169 c6 thé duy tri vi
tri tai khoang gan két, tuy nhién phan t tao it twong tac
tinh dién véi protein hodc NADPH nén nang lwgng lién
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két yéu hon va c6 xu hwéng dao dong manh. Vi vy, phan
tl nay c6 thé di vao khoang gin két, c6 twong tdc nhung
con yéu, c6 thé cai tién ciu tric ndy bang cach thém cac
nhdém chirc dé tao ra hop chat twong tac tot hon.

Ligand 1723: Mac du c6 RMSD ban dau thap nhung
khong 6n dinh, c6 xu hwéng ting din, chirng té ligand
dang ngay cang xa vi tri gan két, nang lwong lién két yéu
chi khoang -7,18 kcal/mol. Trong khi dé, ligand 796 cé
mc do dao déng RMSD 16m, xdy ra nhiéu khodng bit
thwong, chirng to da c6 sw dinh vi lai vi tri gan két trén
protein. Do d6, ligand 1723 va 796 khong phai la chat c6
tiém nang tc ché Fabl tot.

Ligand 760: V&i RMSD thap, dao déng trung binh
khoang 0,25 nm, & khoang 50 ns cé sy dao dong 1é6n hon
nhung vin & khoadng 0,4 nm. Hinh 7A mé ta vi tri cta
ligand 760 trong khoang gin két tai diém dau, gitra va
cudi qud trinh mé phoéng, cho thiy ligand 760 hdu nhw
khong dich chuyén nhiéu trong khoang gan két. Diéu nay
chirng t6 ligand 760 c6 su dinh vi t6t trong khoang gén
két, khong roi khoi khoang gén két trong sudt qua trinh
mo phong. Gia tri RMSF cua ligand 760 thwong nam dudi
0,15 nm. Diéu nay cho thiy, cic nguyén tir trong ligand
760 it c6 sw thay d6i vi tri hay sw thay ddi vé mit ciu
dang (hinh 6B). Mic du chi c6 1 hoic 2 lién két cho nhin
hydro dwgc hinh thanh gitta ligand 760 va Fabl, nhung
lién két nay dwoc duy tri gin nhw 6n dinh suét qua trinh
mo phéng (hinh 7B).
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Hinh 7. (A) Ligand 760 (phia trén) va NADPH trong khoang gén két tai 0 ns (mau dé), 50 ns
(mau vang), 100 ns (mau xanh); (B) Sw thay déi sé lién két hydro cta ligand 760 trong qua
trinh mo6 phéng déng lwc hoc.

Bang 5. Mot sé thong sé ADME ciia ligand 169, 760, 796 va 1723.

Hip thu qua Thim qua hang  Co chit

Ligand duong tiéu hoa rao mau nao cua P-gp Uiz i G
£ . . CYP2C19,
169 Tot Khong Khong CYP2C9, CYP3A4
760 Tét Co Co Khéng
% N N CYP2C19,
796 Kem Khong Khong CYP2C9, CYP3A4
CYP2C19,
1723 Tét Co Co CYP2C9, CYP2D6,
CYP3A4
(A) (9]

T NAD302

*NH \
[
’

zz

£

Nang lwong tw do lién két cua
ligand 760 la -18,99 kcal/mol, kém
am hon so vé&i AFN-1252 (-26,64
kcal/mol), nhung van cho thdy ai
lwc gan két twong doi tot. Du doan
tinh chit dwoc dong hoc ADME cua
ligand 760 (bang 5) cho thidy day
12 mot chat dé hdp thu qua dwong
tiéu hoa, thAm qua hang rao mau
ndo va khoéng c6 twong tac véi hé
cytochrom P450. T4t cd nhirng di
liéu trén cho thiy, ligand 760 cé tén
héa hoc 2-(3,4-dimethylphenyl)-N-
[3-(4-ethylpiperazin-1-yl)propyl]
quinoline-4-carboxamide 12 mot dan
chit cha quinoline cé tiém ning trc
ché Fabl c6 thé thi in vitro d€ nghién
ctru sau hon.

4. Két luan

Nghién cttru da xay dwng thanh
cong mot md hinh pharmacophore
gom 5 dic trung bao gom hai nhém
Ky nwéc, hai nhém nhan lién két
hydro va mot nhém cho lién két
hydro dwa trén phan tich twong tac
gitta hop chit do6i chiéu AFN-1252
va enzyme Fabl (PDB: 4FS3) tir vi

\ ay,

pmen® ~_TYR156

ALA9S

Hinh 8. (A) C4u truc ligand 760, (B) hop chat c6 cau tric twong tw dwoc bao cao cé hoat tinh khang S. aureus véi MIC = 3,125 ug/ml,
(C) cac twong tac quan trong cta hgp chat nay (mau xanh 1a) trong nghién ctru ctia S.D. Joshi va cs (2015) [13].
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khuin S. aureus. M6 hinh ndy dwgc &ng dung dé sang
loc thw vién gom hon 13 triéu hop chét tir co s& dir liéu
ZINC, qua d6 thu dwoc 2.216 phan t& phu hop. Cac hop
chat nay dwoc danh gia docking v&i Fabl va bon ligand
c6 diém docking t&t nhit dwoc chon d€ md phéng MD va
phén tich cac thong s6 ADME. Két qua cho thay, ligand
760 thé hién tiém nang cao trong viéc 6n dinh tai vi tri
gan két va c6 dic tinh dwoc dong hoc thuan loi. Pang chu
y, ligand 760 c6 khung cdu tric quinoline twong déng
v@i cac dan xuit dwoc bao cdo trong nghién ctru cta S.D.
Joshi va cs (2015) [13], trong d6 mot s6 hop chat cho
thAy hoat tinh (rc ché Fabl dang ké véi MIC 1én dén 3,125
pg/ml trén S. aureus. Bén canh do, twong tac cua ligand
760 v&i cac vi tri quan trong nhw cofactor NADPH (NAD
302), Tyr 156 (twong tng Tyr 157 trong nghién ctru
nay) va Ala 95 (twong &ng Ala 97) (hinh 8), vén ciing
dwgc nhidn manh trong nghién ciu trwdc - cang cung
cb tiém nang cta phan t& nay nhw mot chit &c ché Fabl
day trién vong. Do do, ligand 760 1a rng vién dang dwoc
tiép tuc thir nghiém in vitro nham phat trién cac tic nhan
khang khuin méi hiéu qua hon trong boi canh khang
thudc ngay cang gia tang.

TAI LIEU THAM KHAO

[1] J.W. Campbell, J.E. Cronan (2001), “Bacterial fatty acid
biosynthesis: Targets for antibacterial drug discovery”, Annual
Review of Microbiology, 55(1), pp.305-332, DOI: 10.1146/
annurev.micro.55.1.305.

[2] P. Rana, S.M. Ghouse, R. Akunuri, et al. (2020), “Fabl (enoyl
acyl carrier protein reductase) - A potential broad spectrum
therapeutic target and its inhibitors”, European Journal of
Medicinal Chemistry, 208, DOI: 10.1016/j.ejmech.2020.112757.

[3] KN. Albert, M. Awrey, D. Bardouniotis, et al. (2012),
“Mode of action, in vitro activity, and in vivo efficacy of AFN-1252,
a selective antistaphylococcal Fabl inhibitor”, Antimicrobial
Agents and Chemotherapy, 56(11), pp.5865-5874, DOI: 10.1128/
AAC.01411-12.

%HI\?G?-IE 68(7) 7.2026

[4] Research Collaboratory for Structural Bioinformatics
Protein Data Bank (2024), The Protein Data Bank (PDB), https://
www.rcsb.org/, accessed 17 December 2024.

[5] Chemical Computing Group ULC (2024), Molecular
Operating Environment (MOE) (Version 2024.06), Montreal, QC,
Canada.

[6] D.R. Koes, CJ. (2012), “ZINCPharmer:
Pharmacophore search of the ZINC database”, Nucleic Acids
Research, 40(W1), pp.W409-W414, DOI: 10.1093 /nar/gks378.

Camacho

[7] ]J. Eberhardt, D.S. Martins, A.F. Tillack, et al. (2021),
“AutoDock Vina 1.2.0: New docking methods, expanded force
field, and Python bindings”, Journal of Chemical Information and
Modeling, 61(8), pp.3891-3898, DOI: 10.1021 /acs.jcim.1c00203.

[8] E.F. Pettersen, T.D. Goddard, C.C. Huang, et al. (2021),
“UCSF ChimeraX: Structure visualization for researchers,
educators, and developers”, Protein Science, 30(1), pp.70-82, DOI:
10.1002/pro.3943.

[9] J.D. Durrant, J.A. McCammon (2011),
dynamics simulations and drug discovery”, BMC Biology, 9,
DOI: 10.1186/1741-7007-9-71.

“Molecular

[10] M.. Abraham, T. Murtola, R. Schulz, et al. (2024),
GROMACS Documentation Release 2024.04, http://manual.
gromacs.org, accessed 19 January 2025.

[11] R. Kumari, R. Kumar, Open Source Drug Discovery
Consortium, et al. (2014), “g mmpbsa: A GROMACS tool for
high-throughput MM-PBSA calculations”, journal of Chemical
Information and Modeling, 54(7), pp.1951-1962, DOI: 10.1021/
ci500020m.

[12] A. Daina, O. Michielin, V. Zoete (2017), “SwissADME: A
free web tool to evaluate pharmacokinetics, drug-likeness and
medicinal chemistry friendliness of small molecules”, Scientific
Reports, 7, DOI: 10.1038/srep42717.

[13] S.D. Joshi, U.A. More, D. Parkale, et al. (2015), “Design,
synthesis of quinolinyl Schiff bases and azetidinones as enoyl
ACP-reductase inhibitors”, Medicinal Chemistry Research, 24(11),
pp.3892-3911, DOI: 10.1007/s00044-015-1432-7.

91



