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SUMMARY

Beta-site APP cleaving enzyme 1 (BACE1) is a crucial aspartic protease that cleaves the amyloid
precursor protein to generate the amyloid peptide that plays a vital role in Alzheimer’s disease (AD)
pathophysiologic, and as thus, it appears as a promising therapeutic target for AD treatment. However,
increase in recent AD cases and occurrence of various side effects of existing drugs leads to a dire need of
discovering or identifying chemical compounds that can cease AD development. In continuance of the
previous study that identified 14 potential small-molecule compounds inhibiting BACET by screening
through 3D pharmacophore modeling, molecular docking, and protein-ligand interaction fingerprinting
analysis, these substances were subjected molecular dynamics (MD) simulation to determine the protein-
ligand complex stability in 20 ns duration. Based on the RMSD, RMSF values, and high hydrogen bonds
frequency of each ligand with the key residues of BACE1, four candidates were chosen to perform further
investigation of the stability and binding potency through 50 ns MD simulation. In addition, the calculation
of free binding energies using the MM-PB/SA method revealed the energetic results of these four substances
were < 1000 kJ/mol. The final data confirmed that these four newly obtained compounds hit HTS0170,
DB07007, DB07618, and MBX527804, and thereby may serve as the best binding affinity compounds as
well as potential inhibitors for BACET1 in the treatment of Alzheimer's disease.

Tirkhéa: Alzheimer, BACE1, mé phdng déng hoc phan tu, ndng luong tu do gdn két.

Dat vén deé
Bénh Alzheimer (Alzheimer disease -AD)

than kinh va gay chét té bao. Trong do, y
secretase va dac biét la B secretase (hay con

la mét bénh ly vé néo, chiém 60 % dén 80 %
trong nhitng bénh suy gidm tri nhé va uéc
tinh khodng 50 triéu nguai trén thé gidi mac
nhom bénh ly nay [7]. Tai Viét Nam, s6 ngudi
dang séng cung can bénh Alzheimer cling
gan 1,2- 1,3 triéu. Bénh dugc biéu hién béi
su c6 mat clla cdc mang bam (B amyloid (hay
AB), lam suy giam chuc nang cua cac té bao

goi BACE1) la hai enzym chiu trach nhiém
qguan trong trong viéc hinh thanh 3 amyloid
[4]. Nhu vay, dé giam su tich tu cac mang AB
bang cach Gc ché BACE1 la mot trong céc
chién lugc d€ ngan chdn can bénh nay.
Nghién cttu trudc clia ching t6i da xac dinh
dugc 14 cau tric phan tl nho coé tiém nang
tc ché BACE1 bang sang loc qua mé hinh
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pharmacophore, docking phan ti va phan
tich d4u van tay tuong tac protein-phoi ti
[1]. N6i tiép két qua do, chiang toi tién hanh
thuc hién mé phéng dong luc hoc phan tu
va tinh toan nang lugng tu do gan két cho
cac cau truc tiém nang nay véi muc dich
khdo sat dé 6n dinh cGa phuc hop protein-
phéi ti trong thaoi gian 20 ns, t d6 du doéan
kha nang tr& thanh thu6c Gc ché BACET
trong diéu tri bénh Alzheimer.

Nguyén liév va phuong phep nghién cou

Cosédirliéu

Déi tuong thir nghiém cltia dé tai gobm 14
cau truc tiém nang da dugc danh gia qua mé
hinh docking phan tf & nghién clu trudc cla
chuing téi [1] va cau truc tinh thé cta BACE1
trong phuc hgp véi OM99-2 c6 ma pdb 2ZHR
2,5A).

Mé phdéng dong luc hoc va danh gia tinh
6n dinh, linh déng ctia phuc hop

Nghién ctu tién hanh mé phong dong luc
hoc cac chat co két qua docking tiém nang trong
thoi gian la 20 ns va 50 ns bang phan mém
GROMACS 2020.4, trudng luc CHARMM_27. Cac
tép dau vao gom toa dd va topology cho protein
la “protein_processed.gro” va “topol.top”, doi
vGi phoi tir la“ligand.gro” va“ligand.itp’, tuang
ung “complex.gro” la topology cta phuc hgp.
Phuc hgp tao thanh dugc mo6 phdng dong luc
hoc trong maéi trudng nudc tudng minh TIP3P
dugc dung san vai khoang cach ti phiic hop
dén canh cia hop sé la 1,0 nm, thém ion va
trung hoa dién tich cho hop bang dung dich
NaCl 0,15 M. Truéc khi tién hanh mo6 phéng
can tién hanh can bang véi cac budc téi thiéu
héa nang lugng va én dinh nhiét d6 hé 300 K
clng nhu ap suat 0,987 atm (1 bar), thai gian
thiét 1ap la 100 ps. Mé phong dong luc hoc
sau d6 dugc thuc hién trong 20 ns, vGi 2000
khung hinh (frame) cho gia tri RMSD danh gia
muc dé 6n dinh ctia cac nguyén ti trong diéu
kién mé phong. RMSD < 0,3 nm cho thay cau
trdc 6n dinh va cé y nghia [10]. Cong thiic tinh
RMSD:
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Bén canh d6, RMSF dugc dung dé khao sat
su linh déng cuia cac acid amin trong protein,
RMSF > 0,2 nm cho thay phoi ti linh déng [4].
Gia tri RMSF dugc tinh toan bang biéu thuc:
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Ty lé lién két hydro: lién két hydro sé dugc
tinh dua trén két qua déng hoc bang phan
mém VMD 1.9.4 thong qua gia tri cac théng
s6 nhu md.tpr, md.fit.xtc va index tu két qua
doéng hoc. Chon khoang cach gitta nguyén
t& cho va nhan hydro < 3.5A va géc tao
thanh gitia 2 lién két nay > 1200. Nhung phoi
t’ cho ty |é lién két hydro > 70% vdi protein
dugc xem la lién két manh tai khoang gan
két [6], [9].

Nang luong tu do gan két: Tinh toan nang
luong tu do cla lién két protein-phéi tir duoc
thuc hién dya trén két qua moé phong dong
hoc, stt dung phan mém g_mmpbsa 5.1.2.
theo cong thuc [11].

Ggén két = (Evdw+ Eelec)+G(phén ct,rc)+G(khéng phan cuc)

Phan mém g_mmpbsa sé thuc hién 3 budc
tinh nang lugng thanh phan, lan luot la thé
nang co hoc phan t& (Emm = Evaw+Eelec), Nang
lugng solvat hod phan cuc (G(phan cuc)) va
nang lugng solvat hod khéng phan cuc (Gkneng
phan ct,rc)) [5]

Két qua va ban luan

Pé danh gia so bd ai luc gan két gilia
protein va phéi t, nghién ctu tién hanh mé
phong dong luc hoc phan ti va tinh toan ty
|& lién két hydro clia cac phic hop véi thoi
gian 20 ns. K&t qua dugc mé ta 6 bang 1 va
bang 2.

Mé phéng déng luc hoc phdn tir (20 ns)

Nhin vao bang 1 cé thé thay rang, phan I6n
cac phuc hop gilra BACE1 va phai tl c6 gia tri
RMSD_protein va RMSD_phéi tir déu nhé hon
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Bdng 1. Gid tri RMSD_protein, RMSD_phdi tir duoc tinh todn tir dit liéu cda qud trinh mé phéng
doéng luc hoc phdn tdr 20 ns & dang apoprotein va dang phuc hop

Phuc hop RMSD_protein (nm) RMSD_phai tit (nm) RMSF_Ca (nm)
Apoprotein-BACE1 0.11£0.01 0.07 £0.03
BACE1- DB07813 0.13+£0.02 0.11£0.02 0.07 £ 0.04
BACE1- HTS03305 0.14 £ 0.06 0.12+0.03 0.07 £ 0.04
BACE1- HTS01701 0.11+£0.01 0.12£0.03 0.07 £0.03
BACE1- DB07007 0.11£0.01 0.11+£0.02 0.07 £0.03
BACE1- DB05590 0.12+0.01 0.11£0.02 0.07 £0.03
BACE1-DB07618 0.11+0.01 0.12£0.03 0.07 £0.03
BACE1- MHC02286 0.12+0.02 0.07 +£0.02 0.07 +0.03
BACE1-MBX527804 0.11£0.01 0.11+0.03 0.07 £0.03
BACE1- MHC03281 0.12+0.01 0.19 £ 0.04 0.07 £ 0.04
BACE1- MHC09505 0.16 £0.02 0.12£0.05 0.07 £0.03
BACE1- DB08026 0.12+0.01 0.09 £ 0.04 0.07 £ 0.04
BACE1- DB00243 0.12+0.01 0.17 £0.02 0.07 +0.03
BACE1- DB01255 0.16 +£0.02 0.16 +£0.03 0.07 +0.03
BACE1- RH01508 0.12+0.01 0.08 £0.02 0.07 £0.03

0,2 nm trong suét thoi gian 20 ns cla qua
trinh m6 phong. Tuy nhién, khi tién hanh so
sanh véi gia tri RMSD cla apoprotein-BACE1
(apo), chi cé 4 phuc chat BACE1-HTS01701,
BACE1-DB07007, BACE1-DB07618 va BACE1-
MBX527804 cho gia tri tuang duong. VGi cac
phuc hgp cho gid tri RMSD I6n hon
apoprotein dugc du doan sé tao nhing bién
dong trén cau trac chia protein trong qua trinh
tuong tac. Gia tri RMSF_Ca cua tat ca cac phiic
hgp déu nhé hon 0,1 nm va c6 gia tri tuong
duong RMSF cua apo.

Cung vai phan tich két qua RMSD, RMSF,
ty 1é lién két hydro tai cac acid amin quan
trong clng la moét tiéu chi gop phan danh
gia chinh xac d6 én dinh cta phuc hgp
protein-ligand trong qua trinh mé phoéng
dong luc hoc phan tu. Lién két hydro sé
dugc tinh toan dua trén két qua dong hoc
két hop bang phan mém VMD 1.9.4. Két qua

tinh toan ty |é lién két hydro tai cac acid
amin quan trong cta 14 chat dugc trinh bay
trong bang 2.

Mé phdng ddng luc hoc phdn tu (50 ns)

Dua vao phan tich mé phong déng luc hoc
phan t va ty |é lién két hydro tai cac acid
amin quan trong, nghién ctu tién hanh chon
loc nhitng chat t6t nhat (c6 kha nang gan két
6n dinh nhat va tuong tac tét tai khoang gan
két trong qua trinh mé phéng 20 ns) dé tién
hanh m6 phéng déng luc hoc phan ti véi thoi
gian dai hon (50 ns) nham danh gia sau hon
ai luc lién két clia cac phéi ti nay trén BACET.
D6 chinh 4 phoi tir c6 gia tri RMSD_protein,
RMSF_Ca cé gia tri tuong duong apo vdi ty |1é
lién két hydro tai cac acid amin quan trong >
100%, bao gém HTS01701, DB07007,
DB07618 va MBX527804. Ti hinh 1 ¢6 thé
thdy gia tri RMSD_protein va RMSD_ph6i ti
cla 4 phuc hop déu nhoé han 0,2 nm vai bién
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Badng 2. Ty I¢é lién két hydro tai cdc acid amin quan trong

Phdi ta Chat cho hydro Chat nhan hydro Ty l& lién két (%)
DB07813 LIG386-Main ASP228-Side 637,91
LIG386-Main ASP32-Side 692,96
HTS03305 LIG386-Side ASP228-Side 75,77
LIG386-Side ASP32-Side 53,65
HTS01701 LIG386-Side ASP228-Side 240,61
LIG386-Side ASP32-Side 167,23
DB07007 LIG386-Main ASP228-Side 412,49
LIG386-Main ASP32-Side 303,80
DB05590 LIG386-Main ASP228-Side 282,92
LIG386-Main ASP32-Side 235,21
DB07618 LIG386-Main ASP228-Side 282,92
LIG386-Main ASP32-Side 649,10
MHC02286 LIG386-Side ASP228-Side 255,39
LIG386-Main ASP32-Side 137,91
MBX527804 LIG386-Side ASP228-Side 593,41
LIG386-Side ASP32-Side 642,91
MHC03281 LIG386-Side ASP228-Side 134,17
LIG386-Side ASP32-Side 195,55
MHC09505 LIG386-Side ASP32-Side 10,75
LIG386-Main ASP32-Side 105,74
DB08026 LIG386-Side ASP32-Side 39,61
LIG386-Side THR72-Side 37,81
DB00243 LIG386-Side ASP228-Side 114,99
LIG386-Side ASP32-Side 102,90
DB01255 LIG386-Side ASP228-Side 161,99
LIG386-Side ASP32-Side 211,19
RH01508 LIG386-Side ASP32-Side 0,05
LIG386-Side TYR71-Side 1,25

do giao déng < 0,1 nm. Dac biét, cang vé cubi
qua trinh mé phdéng, cac phic hgp nay cang
it giao dong. Diéu dé ching minh rang, 4 phoi
tr HTS01701, DBO07007, DB07618 va
MBX527804 c6 xu hudéng tuong tac vdi
protein ngay cang 6n dinh tai khoang gén két.

Hinh 2 1a két qua xép chéng cac gia tri
RMSF clia cac acid amin trong 4 phuc hgp
protein-phdi tl, cac gia tri nay chéng lap va
kha tuong déng nhau. Dac biét, & cac acid
amin quan trong nhu Asp32, Tyr71, Thr72,
Phe108 va Asp228, gia tri RMSF < 0,2 nm. Diéu
nay chung té cac acid amin & vung nay khéng
di chuyén nhiéu va kha 6n dinh trong suét
qua trinh moé phéng. Cac phoi tir tuong tac véi
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protein véi so lién két hydro trung binh < 12
(Hinh 3) dugc du doan sé cho sinh kha dung
dudng udng tot [2].

Khi xép chéng cau trdc 3D cha phic hop
BACE1 véi 4 ph6i t& HTS01701, DB07007,
DB07618 va MBX527804 tai thai diém 0, 20 va
50 ns trong qua trinh mé phong déng hoc
(Hinh 4), c6 thé quan sat thay vi tri va cau tric
clia phai ti nay khéng thay déi dang ké. Cling
vGi két qua phan tich gia tri RMSD, RMSF va s6
lién két hydro c6 thé thay rang day la 4 cau
tric phan t& nhé dudng udng tiém nang co
hoat tinh tic ché BACET.

Ndng luong tu do gdn két

Két qua tinh toan nang lugng co hoc phan
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Hinh 1. RMSD cta 4 phtic hop trong mé phdng déng luc hoc phdn tu 50 ns
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Hinh 2. RMSF cta 4 phtic hop trong mé phdng
déng luc hoc phén tir 50 ns

tU (AEvaw + AEeiec), Nnang lugng solvat hod phan
cuc (AGphan cyc), nang lugng solvat hoa khéng
phan cuc (AGkhdng phan cuc) va nang lugng
gan két tu do (AGgan két) clia 4 phic hop
dugc mo ta 6 bang 3.

Véi két qua trén, ¢ thé thay rang 4 phéi ti
déu cho nang lugng tu do lién két am rat sau
(< -1000 kJ/mol), chiing to cac phéi ti nay co
kha nang lién két rat tot véi khoang gan két.
Trong do6, phoi t HTS01701 ¢6 ndng lugng
lién két tv do &m nhat -1641,27 kJ/mol) va

Lién két hydro
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Hinh 3. 6 lién két hydro trung binh ctia 4 phtic
hop trong mé phdng déng luc hoc phdn tur 50 ns

dugc xem la c6 tiém nang Uc ché BACE1
manh nhat so vdi cac phéi tir con lai.

Trong cac cong bé lién quan dén viéc thiét
ké cau trac phan td nhd Uc ché hoat tinh
BACE1, nghién ctu in silico cia Dhanabalan va
cdng su da tién hanh sang loc trén co s& dir
liéu ZINC [3]. K&t qua, nghién ctu nay tim
dugc 2 chat tiém nang nhat véi ty 1é lién két
hydro tai cac acid amin quan trong nhu
Asp32, Tyr71 va Asp228 dat khoang 60 % va
nang luong tu do gan két trung binh I6n hon
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I

DB076

Hinh 4. Cdu tric cta phic BACET véi 4 phéi tir quan sdt & 0 ns (héng), 20ns (dd)
va 50ns (xanh Id cay).

Bdng 3. Két qua tinh todn ndng lugng gdn két tu do

Phéi tir Eviw Eelec Gpolar Gsasa AGpind
(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
HTS01701 -151,13£0,26 -2031,53+ 1,16 566,15 = 0,50 -24,76 £0,14 -1641,27 £ 0,78
DB07007 -150,99 £ 0,25 -1382,26 + 1,09 172,69 +0,55 -19,78 £ 0,02 -1380,23 £ 0,74
DB07618 -114,65 £ 0,45 -1360,40 £ 0,98 269,09 = 0,75 -17,51£0,02 -1492,56 = 0,89
MBX527804 -158,71 £ 0,24 -2010,77 = 1,02 558,45+ 0,47 -19,59 £ 0,02 -1630,57 = 0.64

-80 kJ/mol. Nhu vay, nghién ciu ctia chung t6i
ghi nhan mét sé uu diém so véi nhom téac gia
Dhanabalan d6 la xay dung moé hinh
pharmacophore truc tiép trén protein tai cac
acid amin quyét dinh hoat tinh ciia BACE1,
dan dén viéc sang loc dua trén moé hinh nay
c6 thé tim dugc cac chat vai tiém nang gan
két chon loc tai dich tdc dung hon. Cu thé cac
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cdu tric phan t&r nhd ma nghién clu chon
dugc la nhing chat cho lién két hydro manh
vGi ty 1& > 200 % va nang luogng gan két tu do
gilta protein va phéi t dat gia tri nhé hon -
1000 kJ/mol. Ciing v&i cac budc tién hanh
sang loc 4o tuong tu, nhom tac gid
Manoharan da thuc hién trén 50,000 phan
manh cau trdc BROOD [8] va xay dung mo
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hinh pharmacophore dua trén cau tric tai vi
tri Asp32, Asp228 va Gly230. Trong khi do6,
nghién ctiu chung t6i sang loc trén tap co s&
d@ liéu I6n hon véi 147.331 cau tric ti cac thu
vién hop chat khac nhau, déng thai, dac tinh
cla cac diém pharmacophore trong mé hinh
xay dung dua trén nhiéu acid amin quan
trong, dac biét Tyr71 la acid amin da dugc
ching minh d6t bién nén moé hinh
pharmacophore cho thay tinh chon loc hon.
Sau cling, cac gia tri vé ty lé lién két hydro tai
nhiing acid amin quan trong va nang lugng
tu do cta phéi ti cling thé hién tiém nang
gan két vai dich tac déng BACE1 t6t hon.

Két lvan

Tu viéc thuc hién moé phéng déng luc hoc

nang trén dé phan tich cac gia tri RMSD, RMSF
két hop tinh toan ty & lién két hydro va nang
luong tu do gan két cla cac phoi td, nghién
ctiu da tim dugc 4 phdi ti dé tién hanh moé
phong déng luc hoc vaéi thai gian 50 ns nham
danh gia sau hon kha nang gan két clia cac
phéi ti nay vao khoang géan két ciia BACE1.
K&t qua, cad 4 phdi t&r HTS0170, DB07007,
DB07618 va MBX527804 déu cé xu hudéng
gan két ngay cang 6n dinh va bén viing véi
muc tiéu phan td. Vi thé, trong cac nghién ctu
ti€p theo, cé thé thuc hién mé phéng dong
hoc phan ti trong khodng thai gian dai hon
(100 ns), dong thai tién hanh cac thi nghiém
in vitro va in vivo dé khdng dinh hoat tinh Uc
ché enzym BACET.

phan véi thai gian 20ns trén 14 cau trdc tiém
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