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SUMMARY

SCREENING FOR INHIBITORS OF AMYLOID BETA AGGREGATION FOR
ALZHEIMER’S DISEASE: Insilico

Alzheimer's disease is a type of brain dysfunction that gradually degrades the memory of the senile. The
aggregation of beta-amyloid peptide (1-42) is considered to be closely related to Alzheimer's disease. Beta-
amyloid peptide (1-42) is neurotoxic and characterized by fast aggregation. During the aggregation, a
conformational change has been identified, whereby a salt bridge is formed between Lys28 and Asp23 or
Glu22. Hence in this study, a pharmacophore model was constructed from beta-amyloid inhibitor
(curcumin), virtual screened compounds from the ten databases. 120 compounds showed good agreement
with the pharmaccophore model and 14 of these compounds obey the linspinsky rule. The molecular
docking studies were done to examine the interactions among beta-amyloid peptide (1-42) with screened
substances. Compound CSC090985722 had the lowest bond energy (-19.68 kJ/mol) according to the
molecular docking results. The important hydrogen bond interactions were observed between screened
compounds with Glu22, Asp23, or loops 10-33 which are located at the binding site

Keywords: Alzheimer, beta-amyloid, docking, virtual screening.

1. GIGI THIEU dén chat luong cua cudc séng bao gdm giao tiép,
suy nghi, hoat dong va gay ra kho khan trong qua
trinh sinh hoat hing ngay cua nguoi bénh.
Alzheimer xay ra trén nguoi dudi 65 tudi thuong
kha hiém gap, chu yéu xay ra ¢ nhiing nguoi tir 65
tudi tre 1én, doi khi bénh ciing do yéu té di truyén
(duéi 1%) [3]. Co ché khai phat va tién trién cua
bénh Alzheimer van chua rd rang, do d6 mot sb

Thoai hoa cac té bao than kinh Ia nguyén nhan
quan trong cua bénh Alzheimer va la nguyén nhan
chinh gay ra chung sa sat tri tué gap phai ¢ cac
ngudi trung nién va nguoi gid [1,2]. Bénh
Alzheimer tién trién theo thoi gian va cudi clng
gay tu vong cho nguoi bénh, bénh anh huang lon

164



gia thuyét vé amyloid, cholinergic va protein Tau
da dugc dua ra dé giai thich sinh Iy bénh va cin
nguyén cua bénh Alzheimer [4,5]. Nhan thay su
hién dién cua beta-amyloid cé trong mé néo, dich
ndo tay va huyét tuong, nén gia thuyét vé amyloid
dugc chap nhan rong réi, trong do, su thoai hoa
than kinh trong bénh Alzheimer 12 nguyén nhén
cua cac mang bam amyloid [6]. Dau tién, cac
protein beta-amyloid dugc phan cit boi céc
proteases B- va y-secretases thanh cac doan
peptitde nho gom 39 dén 42 amino acid, trong do,
amyloid beta-peptide (1-40) va beta-amyloid
peptide (1-42) 1a phé bién nhat. Sau khi bj phan
cit, cac monome beta-amyloid két tu dé tao thanh
cac oligomer, protofibrils hoic céc vi soi, sau do,
ching két tu tao thanh cac mang khong tan trong
mo6 ndo va khdng gian mach méau ndo dan dén
bénh Alzheimer [7-9]. Beta-amyloid peptide (1-
42) doc hon amyloid beta-peptide (1-40), dic biét
¢6 nhiéu gbc Ky nuéc tai vi tri C-terminal cua
beta-amyloid peptide (1-42) gitip thiic day nhanh
su hinh thanh cac vi sgi va mang [10-12]. Do do,
viéc urc ché su két tu beta-amyloid peptide (1-42)
duoc xem 1a chién luge diéu tri ddi véi bénh
Alzheimer. Mot sé chit wc ché nhu curcumin,
stilbene, rifampicin hoic din xuit acridone da
duogc phét hién 1 can tré su két tu cua peptide nay
[13-15].

Ngay nay, cung véi su phét trién, viéc &p dung
cbng nghé thdng tin vao linh vuc hoa dugc da
mang lai nhiéu thuan lgi, dat nhiéu két qua kha
quan trong cac linh vuc nghién cau. Vi dy, mét
nghién ciru v&é md hinh céu trdc lién két phan tir
chéng két tu beta-amyloid tir co s dir liéu cua cac
loai thudc da dugc FDA phé duyét cho thay tam
phan tir tiém nang. Mac du thyc té 1a céc tac gia
khong giai thich dugc tuong tac gilra cic phén tu
V6i cau tric cua beta-amyloid peptide (1-42),
nhung c6 thé gilp hinh dung cac tuong tac véi
vuing hinh thanh cdu mudi va viing ky nudc bang
twong tac pi-pi v6i phenylalanine [16]. Mot sé
cong trinh da sir dung cac phan tir da biét truse
nhu cac polyphenol, luteolin va
myricetin vao trong cac nghién catu in silico cho
thdy rang cac hop chat duoc danh gia tuong tac

flavonoid,
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chua yéu bang cac twong tac ky nuéc va bang lién
két hydrogen trong cau tric cua beta-amyloid
peptide (1-42) [17]. Do @6, trong nghién ctru nay
Véi su tro giGp cua may tinh, nghién ciru di tién
hanh sang loc 40 cac hop chat cho thiy kha ning
lien két manh véi amyloid beta-peptide (1-42) tir
cac co so dit liéu voi hon 100 ty phén tu tr mé
hinh pharmacophore cua hop chat curcumin. Cac
két qua thu duoc 14 co so gidp cai thién higu suat
qué trinh tim kiém trong viéc phat trién cac hop
chét c6 hoat tinh sinh hoc, cung cap nhitng hiéu
biét vé& cac dic diém lién quan dén cau tric, vé
hoat dong cuia cac hop chat cé kha ning lién két
véi beta-amyloid peptide (1-42) ngan chan su két
tu va han ché su tién trién cua bénh Alzheimer.

2. PHUONG PHAP NGHIEN CUU

CAu trc ba chiéu cua beta-amyloid peptide (1-
42) duoc tai vé tir ngan hang co s& dit liéu protein
RCSB v¢i ID la 11YT [16]. Trong protein ma
11YT nay chira 10 md hinh cau tric beta-amyloid
peptide (1-42), chiing dugc xac dinh bang phuong
phap NMR. M6 hinh dau tién dugc lya chon va st
dung cho muyc dich nghién ctu. Protein duoc toi
thiéu hoa ning luong bang Swiss PdbViewer.

Cac phdi tur dugc sang loc tir cac co so dit liéu nhu
Drugbank, CHEMBL25, ChemDiv, Chemspace,
MCULE, MCULE-ULTIMATE, MolPort, NCI
Open Chemical Repository, LabNetwork va
ZINC v6i hon 100 ty phén tir (Bang 1). Sau do cac
phdi tir dugc téi wu héa nang luong trong
Gaussian bang ham bén thuc nghiém PM6.

Qua trinh docking duoc thuc hién bai PlexX, duoc
tich hgp trong bo cong cu LeadIT. Trung tdm hoat
dong cua beta-amyloid peptide (1-42) cho dén nay
van chua dugc cong bd, nén vang khéng gian
docking dugc chon nam trong khoang 15 A va bao
gom hai amino acid dugc nghién ctu 1a Glu22 va
Asp23. M6 hinh pharmacophore dugc xay dung tur
méy chu Pharmit. Cac phdi tir dwoc lya chon thoa
man md hinh pharmacophore va tuan theo quy tic
Lipinski.

3. KET QUA VA THAO LUAN



3.1. Xay dung md hinh pharmacophore

Mot trong cac cach dé chira bénh Alzheimer la tic
ché con duong dan dén san xuét beta-amyloid c6
trong ndo. Hai loai thudc thuong mai dwoc biét
dén c6 kha nang nhim muyc tiéu vao beta-amyloid
Ia tramiprosate va cyclohexanehexol [18,19].

Curcumin 12 mét hop chit polyphenol, c6 duoc
tinh quy gia voi nhiéu cong dung khac nhau.
Curcumin c6 thé pha v& va tc ché sy hinh thanh
cac mang amyloid & trong ndo cua cac bénh nhan
dang mac bénh Alzheimer [20]. Nghién ctru cho
thdy curcumin 1am giam ndng d6 va su két tu cua
beta-amyloid tir 43-50% [21]. M6t nghién cau
khéc cho thdy curcumin wc ché su hinh thanh cua
cac vi soi beta-amyloid, beta-amyloid Oligomers
véi gid tri 1ICsp = 0.8 uM. Chinh vi vay, trong
nghién cru nay, curcumin dugc lya chon la hop
chat dan dwdng cho viéc nghién ctu sang loc cac
hop chit c6 kha ning wc ché sy két tu cua beta-
amyloid cu thé 12 c6 kha ning lién két véi protein
beta-amyloid peptide (1-42). Phéi tir curcumin
dugc re-docking tro lai vao protein beta-amyloid
peptide (1-42) twong ty nhu cac nghién ciru trude
day va sy miéu ta trong bai phan tich vé mé hinh
tinh toan céc loai thubc chdng lai bénh Alzheimer

(Orlando et al., 2012; Singh et al., 2013). Hinh 1
cho thay vi tri gan két caa curcumin trén beta-
amyloid peptide (1-42). Twong tac véi hai amino
acid Glu22 va Asp23 dugc chung minh 13 ngan
chan su két tu cua céc soi beta-amyloid peptide
(1-42), can thiét trong qua trinh ngan ngira bénh
Alzheimer. Twong tac v6i Lys16 |a can thiét trong
hoat dong gay ra kha niang tic ché dbi vai beta-
amyloid cua curcumin. T md hinh re-docking
beta-amyloid peptide (1-42) chudi xo0in o, mod
hinh pharmacophore dugc dé xuat nhu thé hién
trong Hinh 2 Cu thé c6 sy hién dién caa mot nhém
ky nuéc (HP), hai vong thom (Ar), hai nhdm cho
hydrogen (HBD) va hai nhdm nhan hydrogen
(HBA). Cac nhém nay déu dam nhan nhiém vy
hinh thanh céc lién két vai cac amino acid quan
trong quyét dinh duoc tinh cia curcumin trong
viéc ngin chian su két tu cac soi beta-amyloid.
3.2. Sang lgc 40

Tir mé hinh pharmacophore, 120 phan tir cho thiy
phu hop véi moé hinh da dugc sang loc tir 10 co so
dir lidu (Bang 1). Tiép theo, 120 hop chét tiép tuc
duoc sang loc bang quy tic Lipinski. Két qua cho
thiy 14 phan tir pht hop véi quy tic Lipinski.

Bdng 1. Két qua sang loc tir cdc co sé dit liéu

Co so dir ligu

Téng s6 phan tir

Céc phan ti phu hep™

Drugbank? 8986
CHEMBL25P 1752844
ChemDiv® 1456120
ChemSpace 50181678
MCULE® 45257086
MCULE-ULTIMATES 126471502
MolPort? 4789993
NCI Open Chemical Repository" 52237
LabNetwork! 1794286
ZINC" 13190371

0
38
11
10
10
0
28
0
5
18

Dz liéu dwoc cdp nhdt: 214-01-2021; *03-6-2019; ©05-6-2019; 919-6-2019; ¢18-8-2021; ©27-5-2020; 911-
01-2022; "06-6-2019; '03-9-2019; "02-6-2019. "C4c hop chat triung nhau trong cdc co so dit liéu da duoc

logi bo.
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3.3. Docking phan tir

Dé danh gia kha nang hinh thanh lién két cua 14
phan tir trén protein beta-amyloid peptide (1-42),
céc phén tir duge tién hanh gin véi khoan lién két
bao gom tir don phan Tyrl10 dén Gly33 bang cong
cu LeadIT. Két qua docking cho thdy cac phén tir
¢6 nang lugng lién két du doan dao dong tir -5,26
dén -19,68 kJ/mol (Bang 2). Mudi hop chat cho
nang luong thap hon tir 5,2 dén 9,9 kJ/mol so voi
curcumine (-9,76 kJ/mol). Nam phan tir bao gdbm
CSC090985722, CSC092262331,
CSC083211530, MCULE8847654387  va
CSC87726991 c6 nang lugng lién két thip nhat
(duéi -17 kJ/mol) duge xem 1a cac phdi tir tiém
ning cho dugc tinh tot ddi voi bénh Alzheimer,
dic biét 1a kha niang wc ché beta-amyloid. Phan tir
CSC090985722 cho thay ning luong thap nhat -
19,68 kJ/mol, dugc du doan 1a hop chat cho kha
nang lién két manh vai beta-amyloid peptide (1-
42), han ché sy két tu cua céc vi soi beta-amyloid.
Phan tir CSC090985722 cho thay hinh thanh hai
lien két hydrogen bén véi Asp23 véi do dai nho
hon 4 A (Hinh 3). Asp23 va Glu22 Ia hai
aminoacid gy nén su két tu cua céc soi beta-
amyloid peptide (1-42), trong qué trinh két tu, mot
cau ndi mudi dwoc hinh thanh gira Lys28 va

Asp23 hoic Lys28 va Glu22, vi vay su hinh thanh
tuong tac vai mot trong hai hoac ca hai amino acid
nay dan dén su bét hoat va ngan chan sy két tu cua
cac vi sgi beta-amyloid. Hién dién cta mét vong
thom thiét lap twong tac pi-pi kiéu xép chong vai
Phe20 va sy ¢6 mat cia cac nhém thé ky nuéc
trong vong thom hinh thanh tuong tic ky nudc véi
mach metylene cua Lys16. Pac biét tam quan
trong ctia amine bac ba hoac mét nhom hoa hoc
¢6 dién tich duong gdp phan hinh thanh nén cac
tuong tac tinh dién voi Asp23 va Glu22 ngén chan
su hinh thanh cau mudi va két tu cua céac vi soi
beta-amyloid, tuy nhién trong phdi tu
CSC090985722 diéu nay khong dugc quan sat
thiy. Ngoai ra phéi tir con hinh thanh cac twong
tac alkyl véi cac amino acid nhu Ile31, Val24 va
Phe19. Viéc hinh thanh cac twong tac véi chudi
bén ciia Phe19 va Phe20 tao diéu kién cho su thay
dbi cau tric caa chudi xoan o thanh chudi p, diéu
nay quan trong trong qué trinh sip xép céc vi soi
va su két tu cua cac beta-amyloid. Mic du nhiéu
loai hop chat hitu co da dugc ching minh 1 ¢6
kha ning tc ché sy két tap cua beta-amyloid,
nhung nhiéu hop chit trong sé do khong thé dugc
sir dung vi chiing gay doc té bao, hoic c6 sinh kha
dung thip do trong lwong phan ti I6n (>500
dalton) nén kho di qua cac lop lipid [22].

Hinh 1. C4u hinh lién két va v; tri khoan gan két cia curcumin trén beta-amyloid peptide (1-42)
(Vi tri wa nweée dwoc biéu thi bang mau lam, v tri ky nuée dioc biéu thi bang mau xam)
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Hinh 2. M6 hinh pharmacophore
(A: M6 hinh pharmacophore dwoc dé xudt tir két
quda docking cua curcumin véi beta-amyloid
peptide (1-42), B: Minh hog hop chat
ZINC000152441757 dwoc truy Xudt tir co so dir
liéu phu hop véi moé hinh pharmacophore)

Bai vi curcumin 1a mot hop chét cé ngudn géc
tu nhién nén doc tinh té bao va tac dung phu khdng
dang ké, vi vay curcumin da dugc chon lya 1a hop
chat dan duong cho cong viéc sang loc 4o, trong
d6 sy hién dién cua vong aryl véi cac nhém thé
methoxy va hydroxyl 1a can thiét dé cai thién hoat
dong vé tinh dugc ly. Viéc sir dung su tro gidp cia
may tinh gép phan nang cao hiéu suit va thuan

LEU
A:34

ILE s

VAL
A:24

tién hon trong viéc tim kiém céc hop chat da dang
vé hoat tinh sinh hoc.

Nam 2013, nghién ctu cua Singh va cong su da
sang loc cac dan xuit cua curcumin cé ngudn goc
thao dugc nham muyc tiéu vao beta-amyloid [23].
Mot nghién ciu st dung két hop sang loc 4o va
danh gia hoat tinh in vitro cta Orlando va céng su
d3 kham pha ra cac hop chat tiém ning han ché sy
két tu ctia beta-amyloid [22]. Gan day, nghién ctu
cua Das va cong su da xac dinh cac dan xuat
dibenzyl imidazolidine va triazole acetamide
théng qua sang loc a0 nhim muyc tiéu sy két tu
beta-amyloid [15]. Cac nghién ciu trén cho thay
viéc str dung sang loc a0 cho kha ning tim kiém
ra cac hop chat dan duong nhdm muc tiéu diéu tri
bénh Alzheimer mot cach hiéu qua hon. Chinh vi
vay, két qua caa nghién ctu ndy cho thay céc phan
tar dugc sang loc bude dau dugc dy doan mang
tiém ning vé hoat tinh sinh hoc cao trong viéc
ngin chan két tu cua cac vi soi beta-amyloid
peptide (1-42), ngan ngtra bénh Alzheimer, do do,
chung dugc dé xuit danh gia cu thé hon biang cac
thir nghiém sinh hoc in vitro va in vivo dé cing cé
kha ning tin cay cua két qua nghién ctu.

4. KET LUAN

Céc hop chit dugc sang loc da cho thay i luc lién
két dic biét cao v6i beta-amyloid peptide (1-42)
va c6 thé ngin chan sy két tap cua beta-amyloid
peptide (1-42) thanh cac mang amyloid.

e 46385
(A3 6
& i LY‘SS\‘I

(A:16
PHE
A:19

Hinh 3. Tuwong tac cua hop chat CSC090985722 (manh nhdt) véi beta-amyloid peptide (1-42)
(twong tac pi-pi biéu thi mau tim, twong tdc hydrogen biéu thj mau luc, tirong tac alkyl
biéu th; mau hong)



Bdng 2. Cdc hop chit c6 kha nang lién két voi beta-amyloid peptide (1-42) duoc sang loc tir co s¢ dir liéu

Nang lugng

Hop chat lien két dw Lién két hydrogen?
doan (kJ/mol)

ZINC000152441757 -9,65 -0OH--Glu22, >NH--Glul1l
MolPort 035706151 6.42 —OH--Asp23--HO, -OH--Leu34, -OH--Gly33, —-OH--
(ZINC000013377898) ' Ala30
MolPort 039052267

-7,40 -OH--Asp23, >C=0--Lys16, >0--GIn15, -OH--Val12
(ZINC000013412576)
MCULE8847654387

-17,58 -OH--Asp23, >C=0--Lys16, >C=0--GIn15
(ZINC000071747692)
MCULE6385167305

-14,99 >C=0--Lys16, >NH--Asp23--NH<
(MolPort007377007)
CSC085224601 -16,39 >NH--Leul7--NH<, -NH,--His14
CSC092262331 -17,84 >NH--Leul7, >NH--His14--HN<, -NH2--Glull
CSC083211530 -17,73 >NH--Glull--HN<, >NH--Val12--HN<, >C=0--GIn15
CSC088757384 -16,45 —NH2--Asp23, -O--GInl15, >NH--Val12
CSC066871983 -16,09 >NH--Vall12, -NHz--Glul1--HN<
CSC090985722 -19,68 >NH--Asp23—HN<, -C=0--Lys16
CSC87726991 -17,39 -NH,--Asp23, >0O--GInl5, >NH--Val12
CHEMBL1824580 -5,26 —OH--Leul?7, -OH--His14, -OH--Glul1--HO-
CHEMBL2407816 -15,79 -NH,--Glull, -NH--GIn15, -NH--Val12
Curcumin -9,76 —OH--Asp23, >C=0--Lys16, -OH--Val12, >0--GIn15

Ser: serine; Tyr: tyrosine; Asp: aspartic acid; His: histidine; Pro: proline; Phe: phenylalanine; Glu:
glutamic acid; Arg: arginine; Val: valine; GIn: glutamine; Leu: leucine. 2Cdc tuong tdic ky nudc.

Nhitng hop chit nay c6 thé duoc tai tong hop va
tién hanh danh gia trén cac mo hinh thyc nghiém
in vitro hodc st dung 1am phan tir dan duong dé
thiét ké chét e ché manh di voi su két tap cua
beta-amyloid. Mot s6 amino acid quan trong déu
duogc tim thiy tuong tac voi cac hop chat tai cac
vi trf 1ién két cu thé. Nhitng dic diém hoa hoc nay
¢6 thé dugc xem xét dé tim kiém hodc thiét ké hop
ly hon cac tic nhan giy mat 6n dinh cho beta-
amyloid. Cac hop chit duoc lya chon bang cach
sir dung quy trinh sang loc 40 c6 thé hoat dong
nhur mot g ctr vién thude tiém ning hiéu qua dé

kiém soat bénh Alzheimer.
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