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ABSTRACT

In this study, molecular docking using AutoDock was utilized to analyze
interactions between several promising drugs (tacrine, rivastigmine,
galantamine, and donepezil) and acetylcholinesterase (AChE). The X-ray
structure of AChE (PDB: 4EY6) from Protein Data Bank was used for
molecular modeling simulation software (AutoDock Vina, AutoGrid4, and
AutoDock4). Binding free energies of docking calculations were generated by
the automatic docking method of Lamarckian genetic algorithm (LGA).
Inhibitory effects of ligands were analyzed by Discovery Studio Visualizer
software, which showed important interactions such as hydrogen bond,
hydrophobic interaction, pi-stacking interaction between aromatic amino
acids and drugs. Based on results obtained from LGA and Discovery Studio
Visualizer software, the important interactions between these anticholinergic
inhibitors and the active site residues were determined. This study can be
further used for the virtual screening approach of house database compounds
against Alzheimer’s disease.

TOM TAT

Trong nghién ciru nay, docking phdn tir bang AutoDock dwoc siv dung dé
nghién civu nhitng twong tdc gitta mét sé logi thuoc (tacrine, rivastigmine,
galantamine va donepezil) véi enzyme acetylcholinesterase (AChE). Cau triic
X-ray cua AChE (PDB: 4EY6) dwoc lzfy tir Protein Data Bank dé hé tro cac
tinh toan dwoc chay trén AutoDock Vina, AutoGrid4 va AutoDock4. Nang
leong tir do ciia cdc cau triic dwoc xdc dinh bang viéc sir dung phirong phdp
docking tw déng thudt todn di truyén Lamarckian (LGA). Nhiing tac dong irc
ché ciia ligand dwoc phdn tich bang phan mém Discovery Studio Visualizer
chi ra cdc twong tac quan trong: lién két hydrogen, ving ki mueée, pi-stacking
voi hwong hoat dong cac amino acid thom va thuéc. Dwa vao két qua tir thudt
todn LGA va phan mém Discovery Studio Visualizer, két qua docking cho thay
cau triic cdc thuéc khing acetylcholinesterase déu twong tac véi vimg hoat
dong cua enzyme nay, dinh hudong cho viéc sang loc cac thuéce diéu tri bénh
Alzheimer.

Trich din: Nguyén Hiru Toan, Huynh Nhu Thao, Nguyén Thanh Si, Huynh Duy Thién, Ha Thi Kim Quy, Lé
Thi Bach, Nguyén Trong Tuén, Bui Thi Buu Hué va Tran Quang B¢, 2020. Ung dung m hinh mo
phong docking dé so sanh tuwong tic giita cac thudc khang cholinergic v6i enzyme
acetylcholinesterase. Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(S6 chuyén dé&: Khoa hoc tyr

nhién)(2): 26-32.
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1 GIOI THIEU

Bénh Alzheimer 1 mot trong nhirng bénh gay réi
loan va thoai hoa than kinh phé bién. Can bénh nay
dang tro thanh thach thirc va ganh nang vé kinh té
cho cac nude phét trién. O My bénh Alzheimer 13
nguyén nhan dan dén tir vong dugc xép hang ding
thir sau noi chung va dang thir ba & ngudi 16n tudi,
sau bénh tim va ung thu (Hebert et al., 2013).
Acetylcholinesterase (AChE) dugc gia thuyét 1a
nguyén nhan dan dén bénh Alzheimer, tac dong sinh
hoc cia AChE 1a chdm dut su dan truyén xung than
kinh cua hé cholinergic bang cach thay phan
acetylcholine (ACh) thanh acetate va choline (Dvir
et al., 2010). Mot gia thuyét khac, su tién trién coa
bénh c6 lién quan véi cac mang amyloid va rdi loan
soi than kinh (Serrano-Pozo et al., 2011).

Mot sb loai thudc diéu tri bénh Alzheimer
thwong mai trén thi truong, hoat chat chinh 1a lam
rc ché AChE ngin qué trinh pha v& chat dan truyén
than kinh ACh. Cac vi tri twong tac giita thudc
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(ligand) trén AChE dugc xac dinh tai mét ranh sau,
hep, ki nu6c véi chiéu dai khoang 20 A tham nhap
hon mot ntra enzyme va m¢& réng ra phia dudi
(Sussman et al., 1991; Koellner et al., 2000). Khi so
sanh cac AChE ¢ nguoi va phic cla enzyme nay
gan voi thudc ldy tr Protein Data Bank
(https://www.rcsb.org), thay rang mang lui lién két
hydrogen quan trong ddi vai su on dinh cua phdi tir
trong trung tdm hoat dong cia AChE (Yan and
Wang, 2012). Nhimng tuong tic giita cac thudc véi
AChE bao gdm: hydrogen, hydrophobic, pi-
stacking va pi-ankyl, gitip ich cho dy doan kha nang
e ché AChE (Atanasova et al., 2015). Hién nay,
tacrine, rivastigmine, galantamine va donepezil la
céc thude co cau triic hda hoc twong tac tot trong e
ché AChE (Hinh 1). Cac nghién ciru md hinh m6 ta
phan tur docking cua céc hop chit trén véi AChE dé
hiéu & vé co ché ¢ ché enzyme nay dang duoc
quan tdm. Do d6, viéc khao sat mo hinh tuong tac
gitra thudc véi AChE nham dua ra nhimg phén tich
dé co thé sang loc, dinh huong téng hop va thu
nghiém hiéu qua kha ning tc ché cua thudc.

)
/\N)I\O |
| AN

Rivastigmine

Donepezil

Hinh 1: CAu tric cac thudc ic ché AChE

Nham muc dich mé ta phan tir docking bang
phan mém AutoDock dé so sanh twong tac ciia cac
thudc e ché AChE, nghién ctru thuc hién docking
v6i AutoDock Vina dé tim ra ving twong tic cia
thudc (ligand) 1én AChE, sau d6 docking ty dong lai
v6i ligand ndy & ving tuong tac tbi uu cia AChE sir
dung phuong phép thuit toan di truyén Lamarckian
véi AutoDock4 (Thien, 2019). Tir d6, phan tich tac
dong tc ché cua ligand théng qua lién két cho nhan
hydrogen, vung twong tac ki nudc, tuong tac pi-
stacking v&i hudng hoat dong cac amino acid thom
cua AChE va cac tuong tac khac.

27

2 PHUONG PHAP DOCKING
2.1 Chu tric ligand va vi tri hoat dong cia
protein muc tiéu

CAu trtic hinh hoc cua cac ligand duoc t5i wu hoa
bang phuong phap PM6//HF/6-31G(d,p) trong goi
chuong trinh Gaussian 09. Cac céu trac thu duoc
déu c6 tan sé dao dong diéu hoa dwong ching to day
1a cdu triic c6 nang luong cuc tiéu trén bé mat thé
nang (Hinh 2).
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Hinh 2: Céu tric téi wu ciia cac ligand tarcine,
rivastigmine, galantamine va donepezil

Chu trac X-ray cua AChE onguoi (md PDB:
4EY6) lay  tu Protein Data Bank
(https://www.rcsb. org/structure/4EY6) dugc dung
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lam protein muc tiéu cta ligand. Phan tir protein
duoc loai tinh thé nudc, thém lién két hydrogen phan
cuc va tinh toan dién tich. Mot sb vi tri hoat dong
dugc dy doan cia AChE bao gém: ving xuc tac,
ving anion, tai acyl, hdc oxyanion va vi tri anion
ngoai vi PAS (peripheral anionic site). Vung xtic tac
gom Ser203, His447 va Glu334 nam ¢ day. Ving
anion lién két mot nira véi trimethyl ammonium
choline bac 4 ciia ACh gém cac phan thom Trp86,
Tyr337 va Phe338 co lién quan vai hhitng twong tac
thém vao proton dau (protonated head) cua ACh.
Tai acyl gom hai phan du cong kénh 1a Phe295 va
Phe297. Héc oxyanion 1a mot trong nhimg phén tir
chinh chtra nudc gom Glyl121, Gly122 va Ala204,
v6i nude 1a cau ndi gilta enzyme véi co chat bang
lién két hydrogen va on dinh co chit ¢ trang thai
chuyén tiép. Ving con lai PAS gan véi bé mit
enzyme ¢ phia ctra cua ranh hoat dong (active site
gorge) gom Tyr72, Tyrl24, Trp286, Tyr34l va
Asp74 (Hinh 3) (Atanasova et al., 2015).

TYRI24

RP286

Hinh 3: Ciu triic va mét sb vi tri hoat ddng ciia AChE (mi PDB: 4EY6) mé bang
phan meém Discovery Studio Visualizer

Nhu viy, cac thudc tuong tac véi AChE tao
mang ludi lién két hydrogen, lién két & ving ki nu6c
rat quan trong ddi véi sy 6n dinh cua phéi tir gin két
v6i AChE. Nghién cau tap trung khao sat mo hinh
tuong tac giita thuéc voi AChE tai tim hoat hoat
dong dé danh gia kha nang ¢ ché enzyme nay.

2.2 Quy trinh docking phéan tir

Du doan cac hdc lién két cua ligand 1én protein
muc tiéu bang AutoDock Vina dé tinh toan trudc cac
ban d6 hop luéi cho ting loai nguyén tir hién dién
trén ligand duoc docking va xac dinh hdc lién két t6i
uu gitta ligand véi AChE (Bang 1).
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Bang 1: Tham sé hop ludi trén AutoDock Vina

Trung tim AChE (4EY6)
Toa do X y z
Kich thuéce 80 80 80

Spacing = 0.375A

Re-docking ligand dugc chon c6 nang lugng
thip nhét tir budc trén bang AutoDock. Céc tham s6
hop ludi duoc cai dat lai chta tat ca cac phan du
xung quanh héc lién két (Bang 2). Str dung phuong
phap thuat toan di truyén Lamarckian dé phat hién
khong gian hinh thanh tot nhat véi 100 lan thyc hién
docking cho méi ligand. Sb tdi da danh gia sy hinh
thanh 13 27,000 va 50,000,000 duoc cai mic dinh


https://www.rcsb.org/structure/4EY6
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trén phan mém. Khi qué trinh docking hoan thanh,
cac hinh dang cua nhirng ligand trong phirc véi phan
tur 16n duoc sap xép theo mirc néng lugng lién keét.

Bang 2: Tham s6 hgp lwéi trén AutoDock 4.2.6
khi Re-docking

Trung tam Ligand
Toa do X y z
Kich thudge 126 126 126

Spacing = 0.150A

Phan tich két qua docking giita thudc va AChE
qua lién két cho nhan hydrogen, ving twong tac ki
nudc, trong tac pi-stacking véi hudng hoat déng cac
amino acid thom ctiia AChE va cac tuong tac khac

Galantamine

a

c
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biang phin mém AutoDock phién ban 4.2.6 va
Discovery Studio Visualizer.

3 KET QUA VA THAO LUAN
3.1 Mb hinh docking thuéc véi AChE

Docking phan tir biang AutoDock cho thiy cac
ligand déu twong tac vao vi tri hoat dong dugc dy
doéan cia AChE (ma PDB: 4EY6). So sanh v4i mo
hinh docking phan tir galantamine da cong bd 6 su
gidng nhau vé vi tri twong tic va hinh dang glua
ligand voi AChE (Hinh 4). Két qua cho thay, tiém
nang tng dung phan mém AutoDock dé nghién ciru
tuong tic gitra cau triic thubc véi AChE va sang loc
chat irc ché enzyme nay.

b Galantamine

Hinh 4: (a) Galantamine twong tic 4EY6 (ngudn: https://www.rcsb. org/structure/4EY6)
(b) Galantamine twong tac 4EY6 docking bing AutoDock; (c). Céu tric 3D xép chdng cha galantamine
docking bang AutoDock (mau xanh 14, trén) so sanh véi cAu tric (mau xanh lam, dudi, nguon
https://www.rcsb.org/structure/4EY6)

M6 hinh 3D cta mdi cu tric thudc docking véi
AChE c6 dic diém chung 14 ving twong tac tai mot
ranh hep, sau va ki nudc duge mo ta nhu cac nghién
ctru trude do6. Vi tri hoat dong cac amino acid cua
enzyme duocC xac dinh. Qua d6, tng dung mo phong
gitp lya chon cau tric hoa hoc cua thude e ché higu
qua hon.

3.2 Lién két trong tinh thé phic chét caa
thuéc véi AChE

Tai lién két gitra thudc voi AChE (4EY6) dugc
mo ta bang phan mém docking AutoDock Vina, va
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re-docking bang chwong trinh AutoDock 4.2.6. Su
tuong tac tao lién két hydrogen cho thay cac thudc
déu gén voi amino acid trong ving hoat dong cua
enzyme (Bang 3). Nang luong lién két giira cac
thuéc véi AChE déu thap, donepezil lién két véi
AChE c6 nang luong thip nhit va tacrine ¢6 ning
lugng cao nhat, twong ng voi hang sé K; cua
donepezil thap hon tacrine, rivastigmine va
galantamine.


https://www.rcsb.org/structure/4EY6
https://www.rcsb.org/structure/4EY6
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Bang 3: Lién két hydrogen docking phén tir thudc véi AChE (4EY6)

Ning lugng Ki Sé lien két

Chidu dai lién két

Ligand (kcl;elzlnml:; (uM) hydrogen Twong tac véi amino acid hydrogen tuwong tAc ( A)
Tacrine -7.48 3.27 2 Glu202, Tyr133 2.07,2.16
Rivastigmine -7.75 2.1 2 Ala204, Gly121 1.08, 1.09
Galantamine -9.47 0.12 4 Gly121, Glu202, His447, Ser203  2.81,1.73, 2.64, 2.03
Donepezil -10.40 0.024 2 Phe295, Tyr337 2.13,2.22

Két qua docking cac thudc voi AChE duge phan
tich bang phan mém Discovery Studio Visualizer,
mo hinh twong tac 3D va 2D cho thay cac ligand déu
gan vao ving hoat dong ciia AChE da dugc du doan
(Jang et al., 2018). Bén canh ligand lién két
hydrogen véi enzyme, con tuong tac véi amino acid
vang ki nuéc bang cac lién két pi-pi stacked, pi-pi
T-shaped, pi-alkyl. Tacrine twong tac véi His447,

Trp86, Tyr337 (Hinh 5); rivastigmine tuong tac véi
Phe295, Phe297, Phe338, Trp86, Trp236 (Hinh 6);
galantamine tuong tac véi Gly121, Phe338, Trp86
(Hinh 7); va donepezil tuong tac véi Trp86, Tyr337
(Hinh 8). Nhu vy, cau tric cac ligand déu tuong tac
Vi ving ndy, chtng to cac cu trac thude ¢6 tinh ki
nudéc gan két tot voi AChE.

PAl

Hinh 6: Tiii lién két thé hién twong tac giira ligand rivastigmine véi AChE (4EY6)
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Hinh 7: Tii lién két thé hién twong tac giira ligand galantamine véi AChE (4EY6)
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Hinh 8: Ti lién két thé hién twong tac giira ligand donepezil véi AChE (4EY6)

Céu trac thudc lién két véi enzyme c6 ning
luong thiap do c6 nhiéu twong tac van der Waals véi
cac amino acid bén canh lién két hydrogen. Trang
thai cua ligand gén két vao AChE dugc 6n dinh khi
tao nhleu tuong tac gitp giai phong nang luong va
dat c4u hinh bén. Piéu nay chung t6 donepezil gan
vao tam hoat dong cua AChE véi nhiéu tuong tac
van der Waals nén két qua docking c6 ning luong
thip (Hinh 8). Vi vay, ung dung m6 hinh mé phong
docking phén tu bang AutoDock giup sang loc cau
trac cac thudc e ché AChE qua phén tich cac trong
tac voi nhitng amino acid & cac vi tri hoat dong cua
enzyme. Cung véi do, ligand sau khi docking duoc
so sanh v6i cau trac da docking bang chuong trinh
khac twong ddi giéng nhau vé hinh dang va vi tri
tuong tac véi tam hoat dong cua enzyme. Mac du cod
sw han ché vé sirc manh may tinh, két qua ciia nghién
ctru nay kha phu hop véi nhitng cong bd trude day
(Atanasova et al., 2015). Diéu nay s& la tién dé dé
phat trién tiép tuc huéng nghién ctru ndy va trang bi
hé théng may tinh hi¢u ning cao trong thoi gian toi.

4 KET LUAN

Su tuong tac cua cac thudc tacrine, rivastigmine,
galantamine, donepezil véi tdm hoat dong cua
AChE (4EY6) duoc mo phong bing md hinh
docking phan tir. Két qua docking voi chwong trinh
AutoDock va phén tich tuong tic bang phin mém
Discovery Studio Visualizer, cho thiy ban chit cac
tuong tac cua thudc e ché AChE déu lién quan dén
vung ki nude, lién két van der Waals va lién két
hydrogen. Dic biét donepezil tuong tac kha tbt voi
AChE (4EY6) so véi tacrine, rivastigmine va
galantamine. Qua d6, mé hinh docking phan tir nay
s& dugc ung dung rong rai hon nhiam sang loc va
thiét ké cac chat mai e ché AChE gop phan diéu tri
bénh Alzheimer.
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