TAP CHI Y DUQC HQC QUAN SU SO 3 - 2024

MO HINH PHARMA COPHORE CAC CHAT CHU VAN VA
DOCKING TREN THU THE DOPAMIN D2

Buii Quéc Diing"*

Tém tit
Muc tiéu: Xay dung mo hinh pharmacophore tir cdc chat cha van va so sanh
v6i mo hinh tir cdc chat d6i van va phic hop thu thé dopamine D2 (D2R) -
risperidon. X4y dung md hinh docking trén D2R bang cau triic tinh thé 6CM4.
Phwong phdp nghién ciru: M6 hinh pharmacophore dugc xiy dung bang phan
mém LigandScout. Tap xdy dung gdm 6 thudc chii van (dopamine, pramipexole,
rotigotine, apomorphine, ropininole, bromocriptine) va 11 thudc ddi van. Tap
danh gid gdm 147 chit c6 hoat tinh, 108 chit khong c6 hoat tinh, 400 chit moi.
Tung md hinh dugc ddnh gid qua d ding, d§ dac hi€u, d0 nhay, hi¢u suit hoat
tinh, diém s6 GH va hé sé lam giau EF. M6 hinh docking xdy dung dya trén
6CM4 trai qua cdc budc: Chuan bi phiic hop bang MOE, chuan bi phdi tir véi
phan mém Sybyl va Chemdraw, thuc hién docking v6i phan mém LeadIT. Sau
d6, md hinh dugc ddnh gid qua cdn bac hai trung binh binh phuong d6 Iéch
(RMSD) va md thie gin két. Két qua: Nghién ctu di xiy dung duoc md hinh
pharmacophore cic chat cha van D2R gém 1 diém ion dwong, 1 vong thom, 1
diém ky nuéc, 1 diém cho hydro. M6 hinh docking dugc tao ra thoa man yéu cau
v6i diém s docking tai khoang -31 kJ/mol, RMSD tir 0,86 - 1,18 A. Khoang gin
két c¢6 chira cic acid amin quan trong d6i vi chat d6i van nhu Aspl14, Trp386,
Trp100, ciing nhu tuong tic v&i chat cht van nhu Aspl114, Ser197. Két lugn: Mb
hinh pharmacophore di tir céc chit chil van va mé hinh docking thoa man céc yéu
ciu, tuong dong véi nhitng nghién ciru khac trén thé gidi, c6 thé ing dung trong

sang loc do.
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A PHARMACOPHORE MODEL BASED ON AGONISTS AND
MOLECULAR DOCKING ON DOPAMINE D2 RECEPTOR

Abstract

Objectives: To build a pharmacophore model from agonists and compare it
with those from antagonists and the dopamine D2 receptor (D2R) - risperidone
complex. To build a molecular docking model on the D2 dopamine receptor
using the 6CM4 crystal structure. Methods: The pharmacophore model was built
using LigandScout software. The training set included 6 agonists (dopamine,
pramipexole, rotigotine, apomorphine, ropininole, and bromocriptine) and 11
antagonists. The test set included 147 active substances, 108 inactive substances,
and 400 decoy substances. Each model was evaluated for the accuracy,
specificity, sensitivity, yield of actives, Goodness of Hit-list (GH) score, and
enrichment factor (EF). The docking model was built based on 6CM4, following
steps: Preparing the complex with MOE, preparing the ligands with Sybyl and
Chemdraw software, and performing docking with LeadIT software. The model
was then assessed through the root-mean-square deviation (RMSD) and binding
mode. Results: The study has built a pharmacophore model for D2R agonists,
including a positive ionisable feature, a hydrophobic feature, an aromatic ring,
and a hydrogen-bond donor. The generated docking model meets the
requirements with a docking score of about -31 kJ/mol and RMSD ranging from
0.86 to 1.18 A. The binding cavity contained amino acids, which were important
for antagonists such as Aspl14, Trp386, and Trp100, as well as interactions with
agonists such as Aspl14 and Ser197. Conclusion: The pharmacophore and
docking model that meet the requirements, similar to other studies worldwide,
can be applied in virtual screening.

Keywords: Agonists, D2R; 6CM4; Docking; Pharmacophore.

PAT VAN PE nhan thirc, cam xic, cung cd tich cuc

Dopamine 1a chit din truyén than Vva di€u hoa noi tiét. HE thong
kinh catecholamine noi bat trong nio dopaminergic 1a trong tdm cua nhiéu
dong vat ¢6 vd, kiém soat mot loat cac  nghién ctru trong nhitng ndm qua, chu
chuc nang bao gém hoat dong van dong, y€u la do mot s6 tinh trang bénh 1y nhu
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bénh Parkinson, tam than phan liét, hoi
chirng Tourette va tang prolactin mau
¢6 lién quan dén réi loan diéu hoa
duong truyén dopaminergic [1]. C6 su
giam ding ké cdc thu thé giéng
dopamine D2 trong viing hdi hai ma va
vO ndo trudc cua bénh nhan bi bénh
Alzheimer, mat d§ thu thé gidm dan
theo tudi tac. Hon nita, mot $b nghién
ctru di chi ra rang hoat dong thong qua
cdc thy thé giéng dopamine D2 lam
tang kich thich vé nao, trong khi thong
qua céc thy thé gidng dopamine DI
tang giai phong acetylcholin [2]. Trong
sudt nhitng thap ky qua, 65 loai thudc
nhim vao ho thu thé dopamine (DR)
dd dugc Co quan Quan 1y Thuc pham
va Dugc pham Hoa Ky (FDA) phé
duyét. Tat ca cdc phan nhém dopamine
déu quan trong, dac bi¢t D2R da duoc
chtng minh 12 ¢6 lién quan dén tat ca
cédc bénh 1y dugc liét ké ¢ trén. Trong
5O 65 loai thudc dugc FDA phé chuén,
60 loai cling nhim muyc tiéu D2R.
Khong c6 loai thudc nio trong sé 60
loai thudc duoc FDA phé duyét thuc
su ¢6 tinh chon loc ddi véi D2R nhung
cling c6 lién quan dén cédc thanh vién
khéac trong ho DR [3]. Céac nghién ctu
docking trudc khi xuit hién cau tric
tinh thé c6 chira D2R (2018) déu chi
tdp trung vao md hinh homology.

Nghién cuou nay dugc thyc hién véi
muc tiéu: Xdy dung méo hinh docking
trén cdu triic tinh thé mdi xudt hién
gan ddy va mé hinh Pharmacophore
cdc chdt chii van D2R. T d6, cdc md
hinh nay c6 thé duoc sir dung dé sang
loc cac chit chu van dopamine D2 va
kiém tra lai qua thuc nghiém dé phat
trién thanh céc thudc tiém ning sau

nay.

POI TUQONG VA PHUONG PHAP
NGHIEN CUU

1. P6i twong nghién ciru

* Tdp hop chit:

6 thudc chii van D2R di dugc dua
ra thi truong voéi cu tric duoc trinh
bay nhu trong hinh 1; 11 thudc ¢6 hoat
tinh d6i van bao gdm benperidol,
perphenazine, sertindole, lurasidone,
bromperidol, paliperidone, fluphenazine,
iloperidone, risperidone, acetophenazine,
quetiapine duoc st dung dé xdy dung
md hinh pharmacophore. 255 chat tir
36 tai liéu dugc suu tim, chon loc va
phan loai hoat tinh dya vao chat ddi
chiéu 12 dopamine, tong két c6 147
chéat ¢6 hoat tinh, 108 chat khong cé
hoat tinh [4]. 400 chit mdi c6 céu tric
héa 1y gibng véi 6 thudc chu van trén
nhung khong c6 hoat tinh tao ra tir co
s& dit liéu chat méi c6 ich (DUD-E).
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Hinh 1. Céc thudc chi van D2R.

* Thy thé dopamine:

Trén ngan hang co so dir liéu
protein (RCSB PDB), ciu tric 6CM4
12 ciu trdc thich hop dé nghién ciru vi
c6 do phan giai hop ly 2,87 A so véi
6VMS (3,8 A), 6LUQ (3,10 A), 7DFP
(3,1 A) va do dai tinh thé (35-222,
363-443) 16n hon SAER (430-443).

2. Phwong phap nghién ciru

* Phan mém:

Cac phan mém sir dung bao gom:
MOE 2019.102 (hang Chemical
Computing Group), LigandScout 4.3.3
(hang Intel: Ligand GmbH), LeadIT
2.1.8 (hang BioSolvelT GmbH),
ChemDraw 18.1 (hang PerkinElmer),
Sybyl 2.0.0.11273 (hang Tripos - cetera).

* M6 hinh Pharmacophore:
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Dva vao céc tap chit va céu tric
6CM4, 3 md hinh duoc tao ra. Mo hinh
tir phéi tir chii van duoc xay dung tir 6
thudc chii van. M6 hinh di tir phirc hop
dugc xdy dyng tir ciu trdc tinh thé
6CM4 chtra D2R va phdi tir d6i van
risperidone. M6 hinh phéi tir di van tir
11 thudc 6 hoat tinh déi van. Cic mo
hinh Pharmacophore dugc xiy dung
dua vao phan mém LigandScout.

Sau d6, cdc md hinh nay can duoc
tién hanh ddnh gid dé lam co sé cho
viéc lga chon m6 hinh phu hop nhét c6
kha nang dy doan tdt nhat trén tap hoat
tinh va tap khong hoat tinh tir tap ddanh
gid 255 chat [4]. Ngoai ra, tp d4nh gid
con bd sung thém 400 chat mdi tir co
s¢ dir liéu chat mdi ¢6 ich (DUD-E).
Viéc danh gid s€ tap trung nhitng thong
s6 duoc trinh bay trong Béang 1.
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Bang 1. C4c thong s6 danh gid cia md hinh Pharmacophore [5].

Théng s6 Cach tinh
D0 nhay e — L
TP + FN
P dic hiéu Spo—
TN | FP
Hiéu suit hoat tinh v -
* TP+ FP
TP + TN

Do ding Ac

C =
TP+FP+FN+ TN

o R 3 1
Piém GH G]I=( Ya+ S).S
g 3T 7¢) P
H¢ s6 1am giau EF —— TP +FN
* TP+FP+TN+FN
* Ghi chii: Acc: Do ding, mé ta ty 1& phan tram

TP: Chét c6 hoat tinh va théa man
mo hinh pharmacophore.

FN: Chat c6 hoat tinh va khong thoa
man mod hinh pharmacophore.

FP: Chat khong hoat tinh va thoa
man mo hinh pharmacophore.

TN: Chéit khong hoat tinh va khong
thoa man mo6 hinh pharmacophore.

Se: Po nhay, sé do ty 1& céc hop
chit thuc sy c¢6 hoat tinh dugc chon
trong qua trinh sang loc.

Sp: D6 dic hiéu, sé do ty 1& cdc chat
thuc sy khong hoat tinh bi loai bd
chinh xd4c trong sang loc.

cua cdc phan tor dugc phéan loai chinh
xdc baéi quy trinh sang loc.

Ya: Diéu suét hoat tinh, biéu thi méi
lién quan giita s6 chat c6 hoat tinh thyc
su va tong so hit.

GH: Piém két hop d6 nhay, do dic
hiéu va hiéu suat hoat tinh; GH: s6 do
hiru ich dé danh gid phan biét cic md
hinh, vi xem xét ca ty 1¢ chét ¢6 hoat
tinh thuc su va ty 1 chit khong hoat
tinh thuc su.

EF: S luong hop chat hoat tinh
dugc tim thiy bang céch sit dung md
hinh pharmacophore so v&i s6 lwong
chat c¢6 hoat tinh tim thdy theo gia
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thuyét néu cdc hop chat dugc sang loc
ngau nhién [5].

Thong thuong, mo6 hinh pharmacophore
dugc danh gid 1a kha t6t khi c6
0,6 <GH< 1 vaEF>1.

* Mo hinh docking:

Chuén bj phtrc hop: Qua trinh dugc
tién hanh trong phan mém MOE. Pau
tién, phirc hop can x6a di cdc phan tir
nuéc, cic phdi tir khong lién quan
thong qua Sequence Editor. St dung
cong cu QuickPrep dé chuan bi cau
tric 3D protein va proton héa. Chuan
bi phdi tir: Tién hanh trong Sybyl.
Budc 1: Téi thiéu héa nang luong lan 1,
chon Compute/Minimize/Molecule.
Budc 2: Tién hanh chay dong
tt bang codng cu
Compute/Dynamics/Setup  Simulated
Annealing. Budc 3: Thyc hién lai budc
1. Tién hanh docking: Qu4 trinh dugc
tién hanh trong LeadIT. Chuédn bj tii
gin két bang cong cu Prepare receptor.

hoc phéan

Chon phdi ttr ¢é docking bang céng cu
Docking/Choose Docking Library. Xac
dinh cdc thong s6 cho qud trinh
docking bang coéng cu Docking/Define
FlexX Docking.

Pédnh gid md hinh duogc thyc hién
nhu sau: Chuén bi 4 phéi tir & dang file
*sdf. Phéi td 1 (PT1): Phéi tr
risperidon dugc tich ra tir 6CM4. Phéi
tr 2 (PT2): Phéi tir risperidon dugc
tich ra tir 6CM4 va dugc chuan bi nhu
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quy trinh chuan bi phdi tir nhu trén.
Phéi tir 3 (PT3): Phdi tir risperidon
dugc vé& bang phan mém Chemdraw va
duoc chuén bi nhu quy trinh chuan bi
phéi tir nhu trén. Phoi tir 4 (PT4): Phéi
tir dopamine dwoc v& bang phin mém
Chemdraw va dugc chuin bi nhu quy
trinh nhu trén.

Tac gia Mansour thyuc hién dot bién
chon loc Aspll4, Ser194 va Serl97
cua D2R. Vigc loai bd dién tich am véi
sy dot bién cua Aspll4 thanh
asparagine hodc glycine din dén mat
hoan toan cé lién két chii van va doi
khang. Pac biét, Ser197 quan trong
hon Ser194 d6i véi lién két chu van
[6]. Dir lidu thay ddi 4i luc cta phdi tir
risperidone v&i cidc acid amin bi dot
bién alanine trong tdi gan két cho thay
cdc acid amin quan trong ddi véi su
gan két ddi van gdm Aspl14, Trp386,
Phe389, Tyr416, Thr119, Thr412,
Trp100, Phe382, Vallll, Phe390 [7].
Su thanh cong cua viéc docking duogc
do bang can bac hai trung binh binh
phuong do 1éch (RMSD) gitra céc vi tri
nguyén tr ndng dugc quan sat thuc
nghiém cia phdi tir va nhimg vi trf
dugc chuong trinh du doan. Céc cAu
dang ¢c6 RMSD < 2 A duoc coi 1a
thanh cong va viéc docking c6 RMSD
nam trong khoang tir 2 - 3 A dugc coi
1a thanh cong mot phan [8]. Ngoai ra,
md thirc gan két can c6 cdc acid amin
quan trong dbi v&i chat dbi van nhu da
trinh bay.
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3. Pao dirc nghién ciru

Téc gid chinh cua nghién ctu nay
1a ngudi chiu trich nhiém vé noi
dung ban thao. S liéu phan tich trong
bai la trung thuyc. Ban thao dang
nguyén ven lan dau va chua ting
duoc ding ¢ bat ky tap chi hodc co
sO dit liéu c6 thé tiép can cong khai

nao. Téc gia cam két khong c6 xung
dot vé lgi ich voi cdc cd nhan hay to
chtrc khac; Tap chi Y Dugc hoc Quan
sy c6 toan quyén sir dung cong trinh
nay (néu dugc chap nhin ding) dé
quang ba toi ban doc bang cdc hinh
thirc khdc nhau (ban in gidy va ban
dién tu).

KET QUA NGHIEN CUU

1. M6 hinh Pharmacophore

* Mo hinh Pharmacophore phéi tir chii vin:

Két qua thu duoc 200 mé hinh, trong d6 ¢6 nhiéu md hinh c¢6 danh gid gidng
nhau, 4 md hinh c6 két qua tot nhat duoc trinh bay trong Bang 2.

Bang 2. Thong sé ddnh gid cia 4 mo hinh Pharmacophore di tir chat chu van.

Méhinh TP FN TN FP Sp Se ACC Ya GH EF
5 142 5 305 203 0,60 097 0,68 041 0,33 1,83

28 111 36 458 50 090 0,76 0,87 0,69 0,64 3,07
145 63 84 450 58 0,89 043 0,78 0,52 044 232
151 65 82 448 60 0,88 044 0,78 0,52 044 232

Cac md hinh déu c6 hé s 1am giau
EF > 1. Vi d0 nhay Se, md hinh 5 ¢6
dd nhay cao nhat vuot troi 1a 0,97
trong khi mo hinh 28 chi c6 0,76. vé
d6 dic hiéu Sp, md hinh sé 28 dimg
dau véi 0,9, theo sau 12 md hinh 145 va
151, va ding cudi 1a mé hinh 5 véi 0,6.
Néu xem xét d6 ding ACC, md hinh
56 28 cho d6 diing cao nhat 12 0,87. M6
hinh s6 28 c6 hiéu suat hoat tinh Ya
cao hon cic mo6 hinh khac la 0,69,
trong khi md hinh s6 5 xép cubi véi

0,41. Nhu vay, mo hinh sé 28 ¢6 do
dic hiéu, do ding, hiéu suat hoat tinh
cao nhit, trong khi d§ nhay lai hoi
thip. M6 hinh sé 5 thi nguoc lai, tuy
nhién d§ nhay cao ndi troi. Dé danh gia
mot md hinh tot hay khong, néu chi
danh gia trén ting diém sé nhu vy thi
khé két luan, can c6 mot con s6 két
hop vdi trong s6 hop ly. Piém s GH
s& quyét dinh mo hinh nao duogc sir
dung nén mo hinh s6 28 duoc chon con
mo hinh 5 bj loai vi diém GH nhé nhat.
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Hinh 2. M6 hinh Pharmacophore 28 di tir cac chat chil van (bén trai)
thé hién 1&n phan tr dopamine (bén phai).

Mb hinh Pharmacophore 28 dugc minh hoa trong hinh 2 gém ¢6 1 diém ion dwong,
1 vong thom, 1 diém ki nudc, 1 diém cho hydro c6 & tat ca cdc chat trong tap xay
dyng. Ngoai ra, mot diém nhan hydro va diém cho hydro khic c6 thé c¢6 hoic
khong & chit nay va chat kia. Cu thé, 5 chat trong tap xay dyng bromocriptine,
apomorphine, ropinirole, dopamine, rotigotine déu c6 diém cho hydro tuy chon,
ngoai trir pramipexole. Apomorphine, ropinirole, dopamine, rotigotine déu c6
diém nhan hydro tuy chon, ngoai trir bromocriptine va pramipexole.

* Mé hinh Pharmacophore phirc hop véi phéi tir doi van:

CAu trdc tinh thé 6CM4 chtra D2R va phdi tir d6i van risperidon. Do d6, cdu
tric nay dugc st dung dé xdy dung mé hinh Pharmacophore. M6 hinh
Pharmacophore gdm c6 1 diém ion dwong, 3 diém ki nuéc, va 1 diém nhan hydro
minh hoa nhu hinh 3.

Piém ki nudc

Piém nhan hydro

Piém ion duong Diém ki nudc

Hinh 3. M6 hinh Pharmacophore di tir phttc hop 6CM4.
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* Mé hinh Pharmacophore phéi tir doi vin.:

Bang 3. Thong s6 ddnh gid ctia 4 mo hinh Pharmacophore di tir chat ddi van.

Méhinh TP FN TN FP Sp Se ACC Ya GH EF

7 28 119 483 25 095 0,19 0,78 0,53 042 2735
11 68 79 454 54 089 046 080 05 048 248
26 28 119 484 24 095 0,19 0,78 0,54 0,43 2,40
94 115 32 342 166 0,67 0,78 0,70 0,41 034 1,82

Bdén mé hinh ¢6 két qua ddnh gid cao nhit dugc tong hop trong bang 3 vé do
dac hi€u, cdc md hinh 7, 26 ding dau voi 0,95. Véi do nhay, m6 hinh 94 vuot
troi 12 0,78. Néu xem xét do ding, md hinh sb 11 cho d6 ding cao nhat 1a 0,80.
Tiép theo, mo hinh s6 11 ¢6 hiéu suat hoat tinh cao hon cdc md hinh khic 1a
0,56. Piém s GH sé& quyét dinh mé hinh nao dugc st dung nén mo hinh s6 11
dugc chon 1am dai dién vai diém s6 GH 1a 0,48; hé s6 1am giau 2,48,

Mo hinh 11 dwoc minh hoa trong hinh 4 gom 1 diém ion dwong, 1 diém ki
nudc, 1 vong thom, 1 diém nhdn hydro va tuy chon khong bat budc 1a 1 diém
nhén hydro khéc.

Piém ki nude, Diém ion duong AR _f.'-B"
vong thom 1 j
X @
; N\ ]
. o1 Diém nhéan hydro ;
Piém nhan hydro : Pl
(tuy chon) HBA

Hinh 4. M6 hinh Pharmacophore 11 cta cédc chat d6i van (bén tréi)
thé hién 1én phan tir risperidon (bén phai).

* Ddnh gid cdc mo hinh Pharmacophore:

Nhitng mé hinh tot nhat ¢ trén duoc liét ké trong bang 4. Khi so sanh giita cdc
md hinh, md hinh 3D Pharmacophore di tir cic chét chu van c6 Kkét qua tdt nhét,
diém GH 12 0,64 va hé s6 lam giau 3,07 cao hon hai mé hinh kia. Ngoai ra, mo
hinh d6i van va chu van dugc danh gid qua chinh céc tap xay dung tir 6 thudc chu
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van va 11 thudc dbi van thi déu dat diém dénh gid tuyét dbi. Cu thé, d6i véi mod
hinh 3D Pharmacophore di tir thudc chil van, 6 thudc cha van déu dap tmg duoc
3D Pharmacophore va 11 thuéc ddi van déu khong sang loc qua 3D
Pharmacophore. Vi m6 hinh 3D Pharmacophore di tir thudc dbi van, 11 thudc
d6i van déu ddp ung dugc 3D Pharmacophore va 6 thudc chu van déu khong
sang loc qua 3D Pharmacophore.
Bang 4. Tém lugc thong s6 ddnh gid cdc md hinh Pharmacophore.
Mo hinh TP FN TN FP Sp Se ACC Ya GH EF
Phtic hop d6i van 17 130 467 41 092 0,12 0,74 029 023 1,31
Dbi van 68 79 454 54 0,89 046 0,80 0,56 0,48 248

Chu van 111 36 458 50 0,90 0,76 0,87 0,69 0,64 3,07

2. M6 hinh docking

Két qua redocking duoc trinh bay & bang 5. Két qua RMSD cua cic phdi tir
déu nho hon 2 A, dat yéu cau. V& diém sb docking, gié trj trung binh 1a -31,33
kJ/mol, d6 1éch chuan 0,58, d6 1éch chuan tuong d6i RSD 1,83%. Nhu vy, diém
s& docking c6 sy thay ddi it va RMSD bé hon 2 A. Mb thtc gin két cua 3 céu
dang risperidone néi trén va dopamine déu c6 nhitng acid amin quan trong trong
lién két v6i D2R. Lién két giita phdi tir voi Aspl14 xuét hién & ca phéi tr chu
van 1an d6i van. Ngoai ra, véi phéi tir 1a dopamine thi thdy xuét hién lién két v6i
Serl97.

Bing 5. Két qua redocking risperidone va docking dopamine.

Diém so

Phéi .~ RMSD , _ .
tir docking A Acid amin quan trong trong mo thirc gan ket
kJmol) )
| 31,58 1.18 Aspl114 (Ik cau mudi), Trp100 (Ik w-alkyl), Trp386

(km-nT

Tuong ty PT1 va bd sung thém Phe389 (Ik Van
der Waals), Phe390 (Ik - n T)

Tuong ty PT1 va b sung thém Phe389 (Ik Van
der Waals)

4 -18,15 - Aspl14 (Ik cau mudi), Ser197 (Ik hydro)

2 -30,67 1,08

3 -31,74 0,86

(* lk: lién két)
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Khoang gin két tu tao ra tir phin
mém LeadIT bao gém 33 acid amin
nhu sau: Val87, Trp90, Val91l, Leu94,
Trp100, Phel10, Vall1l, Aspl14, Vall 15,

Metl16, Cys118, Thr119, Alal20,
Ser121, Alal22, Leul23, Ilel84,
Phel89, Ser193, Ser194, Serl197,
Phel198, Pro201, Phe382, Trp386,
Phe389, Phe390, His393, Pro405,
Tyr408, Ser409, Thr412, Tyr4l6.

Khoang gin két cia 6CM4 c6 day du
cdc acid amin quan trong trong lién két
v6i chat dbi van nhu Aspl14, Trp386,
Phe389, Tyr416, Thrl119, Thr412,
Trp100, Phe382, Vall11, Phe390.

M6 thire gan két ctia PT1 (Hinh 5)
¢l tuong tdc voOi cdc acid amin sau:
Aspl14, Phell0, Trpl00, Cysl118,
Trp386, Ser197, Valll5, Ser193 trong
dé c6 nhiing acid amin quan trong
trong lién két v&i chat dbi van 1a
Aspl14, Trp100, Trp386. Tuong tu

ST A,

PNy \ £ A3
A

ABE: A Al 05

A1

B

nhu vay, dbi véi PT2 1a cic acid amin
Aspll4, PhellO, Trpl100, Tyr408,
Phe389, Vallls, Ser197, CysllS,
Trp386, Phe390, Alal12; trong d6, c6
nhitng acid amin lién két voi chat ddi
van la Aspll4, Trp386, Trpl00,
Phe389, Phe390. Céc acid amin khong
thé thiéu trong lién két vi chat ddi van
6 PT3 la Aspll4, Trp386, Phe389,
Trp100. Cdc acid amin khdc xuit hién
trong lién két véi PT3 bao gbém
Phell10, Tyr408, Valll5, CysllS,
Ser197, Alall2. Ngoai ra, khi ta xem
xét voi phdi tir 1a dopamine PT4,
khong phai 1a chat ddi van nhu
risperidone, dé kiém tra xem cé cic
lién két quan trong gitta thu thé voi
chat chii van hay khong thi thiy xuat
hién lién két v6i acid amin quan trong
Ser197 va Aspll4 bén canh lién két
hydro véi Thr119, lién két n-n T voi
Trp 386, lién két n-alkyl voi Cys118.

TYR
A:dT6 i)
ALts
o~ H SER
A-114 b A7
N H ALA
i AT
” PHE
A:198
HE \
TRP
i3 5, A3
%
PHE  A:
; PHE
niby AR89 A:382

Hinh 5. Cac acid amin tuong tac véi risperidone PT1 va dopamine PT4.
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BAN LUAN

1. M6 hinh Pharmacophore
Nghién ctru da xdy dyng mo hinh
Pharmacophore trén 6 chat chi van.
Mo hinh di tir cdc chat cha van gém
diém ion duong, vong thom, diém ki
nude, diém cho hydro. Ca 3 md hinh
déu c6 chung diém ion duong, diém ki
M6 hinh phtic

risperidone va mo hinh phoi tr d6i van

nudc. hop vdbi
déu c6 diém nhan hydro. Hon nira,
nghién ctru ciing chi ra cin cin trong
khi st dung pharmacophore dé phan
biét cdc chét chi van va dbi van (lién
quan diém cho va nhan hydro). Chang
han nhu, m6 hinh Pharmacophore cac
chat dbi van st dung dé sang loc thi
van c6 nhitng chét chi van thoa man.
Do d6, qué trinh sang loc cic chat chu
van nén két hop véi cdc md hinh khéc
nita dé tang tinh chon loc.

Ngoai ra, khi so sianh két qua
nghién ctru nay vdi nhitng nghién ctru
khic vé md hinh pharmacophore dua
trén c4c chét chu van, cO nhiéu diém
tuong déng nhu déu cé diém ion
duong (P), vong thom (R), diém cho
hydro (HBD). Hinh 6 chi ra tam gidc
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pharmacophore cua nghién ctru nay va
cia Sommer T khd gidng nhau, chi
khdc mot it vé d6 dai canh (don vi do
A). Sommer T xay dung mo hinh dya
trén 11 chat gdém apomorphine,
talipexole, ADTN va 8 chét nita voi
céu tric cong kénh, kéo dai bang phan
mém Discovery Studio 3.1. Chi 1 chét
apomorphine xut hién trong tdp 6 chat
chu van cua nghién ctou nay [9]. Mot
céch tuong tu, tic gia Zell L va CS
cling chi ra m6 hinh t6i vu M3 gdm c6
diém ion duong, diém cho va nhan
hydro, vong thom va diém ki nudc.
Mo hinh nay duogc xay dung tir 3 chat:
8-hydroxy-5-(4-(4-((2-ox0-1,2,3,4-
tetrahydroquinolin-7-yl)oxy)butyl)-
1,4-diazepan-1-yl)quinolin-2(1H)-on;
apomorphine; naxagolid v6i phin mém
LigandScount. Cac théng s6 danh gid
gdém c6 do dic hiéu Sp 1,00; do nhay
Se 0,38; do ding 0,99; diém sé6 GH
0,65; hiéu suat hoat tinh Ya 0,74; hé $b
lam giau EF 41,29 [3]. Phan 16n cic
thong s6 danh gid déu cao hon nghién
cru ndy, ngoai trir d6 nhay thap hon.
Piém GH cta md hinh nghién ciru nay
gan bang md hinh M3 cua tic gia
Zell L.
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HBD R
2,58

HBD
2,76

Hinh 6. M6 hinh pharmacophore nghién ctru nay (trdi) va
Thomas Sommer (phai).

2. M6 hinh docking

Nghién ctou da xdy dyng dugc mod
hinh docking dya trén cau trdc tinh thé
6CM4 cua D2R. Gid tri RMSD cua
PT1 khic 0 cho thdy van c6 su thay doi
cu dang so v6i phdi tar ddi chiéu khi
thuc hién docking. Sy thay doi niy van
nam trong giGi han cho phép cho thay
budc chuan bi khoang gin két khong
bi sai va khong anh hudng qua 16n toi
két qua. Gid tri RMSD ciia PT2 nho
hon PT1 cho thay quy trinh tdi thiéu
hod nang luong phdi tir 2 1an két hop
chay dong hoc cho két qua tt hon khi
khong thuc hién quy trinh nay & PT1.
Gid tri RMSD cua PT3 nhé nhét cho
thdy viéc chuyén tir dang 2D sang dang
3D va tbi thiéu hod ning luong cua
risperidone cho két qua tot nhat trong 3
PT. Cau dang ciia PT3 c6 vi tri gan véi
ciu dang ctia phdi tir ddi chiéu tir thuc
nghiém. 6CM4 1a mot céu tric tinh thé
c6 do phan giai tot, tuy nhién lai gan
két voi risperidon 12 mot chat d6i van

D2R. Do d6, md thirc gan két ciia PT4
duoc xem xét, chat chu van ndi sinh
dopamine c¢6 gin két voi acid amin
quan trong nhu Aspl14, Ser197. Nhu
vay, quy trinh chudn bi khoang gan két
cta thu thé va quy trinh chuan bi phdi
tr nay ddp tng duoc yéu cau va md
hinh docking nay c6 thé st dung dugc.

Vi céu triic tinh thé 6CM4 chi xuét
hién gan day vao nam 2018 nén nhiing
nghién ctu trudc d6 néu cé thuc hién
docking déu phai xdy dung mé hinh
homology. M6 hinh cua Sommer T va
CS di tir cdu triic tinh thé 3SN6, 3P0G,
1AZT dé xay dung mo hinh homology
béng chuong trinh ClustalX, BioEdit,
Modeller 9v4, Amber 10, phﬁn mém
docking AutoDock Vina. Nghién cuu
cua Sommer T (2017) khi thuc hi¢n
docking da dya vao mo6 hinh homology
cua tic gia Kling RC va CS (2013) [9].
Toa dd thu thé B2 va protein Gas dugc
sit dung 1am hinh mau dé tao ra md
hinh homology cua D2R trong phtic
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hop voi protein Gail [10]. Gan day,
cdc nghién ctru dd duoc tién hanh trén
cu tric tinh thé 6CM4. Nam 2019, tdc
gia Emanuel DR va CS da so sanh viéc
docking trén cau trdc tinh thé 6CM4 va
md hinh homology. Bang cich dénh
gid RMSD trong so sdnh viing gin két
cua protein va danh gid sang loc trén
tap phdi tir va tap moi, tdc gia khuyén
cdo rang nén st dung cau tric tinh thé
trong viéc sang loc 4o [11]. Nam 2021,
tic gia Mejia-Gutierrez M va CS da
thuc hién viéc docking lai trén cAu tric
6CM4, str dung phan mém AutoDock
Vina voi thiét 1ap hop c6 toa do XYZ
lan luot 12 9,9; 5,8; -9,5 A. Diém s
docking 1a -8,9 kcal/mol (-37,24 kJ/mol)
va RMSD 1,244 A [12]. Diém s
docking va RMSD cho thdy nghién ctru
nay va nghién ctru cua Mejia-Gutierrez,
M khoéng ¢6 khac biét qua 16n.

KET LUAN

Nghién ctu da xay dung dugc mod
hinh 3D pharmacophore tir 6 thubc chu
van va danh gid trén cc thong sd ddnh
gid vé do nhay, do dic hiéu, do ding,
hiéu sudt hoat tinh, diém GH tuwong
ddng véi cdc nghién ciru trude d6. Mo
hinh pharmacophore tir thudc chii van
bao gom 1 diém ion duong, 1 vong
thom, 1 diém ki nuédc, 1 diém cho
hydro. Ngoai ra, nghién ctru chi rd6 mo
hinh Pharmacophore nay tot hon so véi
m6 hinh 11 chét d6i van va md hinh di
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tir cdu trdc tinh thé 6CM4 trong viéc
tim kiém cdc chat chu van véi diém
GH 0,64. M6 hinh docking dugc xay
dung tur D2R 6CM4,
redocking dat yéu cau véi gid tri véi
diém s6 docking khoang -31 kJ/mol,
RMSD tir 0,86 - 1,18 A, c¢6 gén két véi
cdc acid amin quan trong, dat yéu cau.
Két qua docking trén D2R va
dopamine c6 diém s6 docking 1a -18,15
kJ/mol va md thie gin két c6 lién két
cau mubi voi Aspll4 va lién két
Hydro v61 Ser197. Mo hinh nay cung
véi mo hinh QSAR nhi phén tir nghién
chu truéc d6 c6 thé st dung nhu
“nhitng chiéc phéu loc” gitp cho viéc
sang loc tim kiém thudc hiéu qua, tiét
kiém thoi gian, chi phi, tién bac, tang
téc tim kiém céc ung vién cho nghién
ciu in vitro va lam sang.

cau trdc

Loi cam on: To6i xin chin thanh
cam on GS. TS. Thdi Khic Minh,
Khoa Dugc, Truong Pai hoc Y Duoc
Thanh phé H6 Chi Minh da hd tro thuc
hién dé tai nay.
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