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ABSTRACT

One of the most common forms of dementia is Alzheimer's disease (AD), and its relationship with
B-amyloid plagques. The deposition of amyloid beta (AB) oligomers is proved to be a damage
cause for AD patients in which the mechanism of AB16_22 fragments is believed to keep an im-
portant role in the fibrils' aggregations due to its' B-contents. Many previous searches showed that
the more B-contents formed the more AB-fibrillary conformations created. In a previous study,
the AB16_22 hexamer configuration under the inhibition of the epigallocatechin-3-gallate (EGCG)
compound, which attenuated the production of -sheet structure formation, was successfully con-
structed. However, the environment controlled 6Af16_2; association change was neglected. So,
in this scheme we are motivated to make an atomistic investigation via two molecular dynamic
simulations (MD): AB 16—22 hexamer and EGCG complex, one in normal condition pH = 7.0 and the
other in lower one pH = 5.5, respectively. The received data provides evidence to determine, the
environmental difference does not change the number of H-bond between EGCG and A frag-
ment in which asserted that EGCG becomes a potential prospect in treating AD. Besides that, the
results of simulations by using the DSSP tool of Gromacs package demonstrated that the averaging
number of random-coil structure didn't change too much and received similar values of 24.4 and
24.6, and the decreasing of B-contents under the co-operative interaction of low pH and EGCG
inhibitor. The AB16_2 free energy has slightly increased from -14,3 kcal.mol~! to -13,8 kcal.mol~!
when pH concentration is reduced from normal pH = 7.0 to low on pH = 5.5. Finally, the computa-
tional results are in agreement with the experimental investigation, our observation adds a physical

insight into the picture of the computational aided drug design in Af treatment.
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INTRODUCTION

Protein aggregation is an inherent feature of polypep-
tides that lies behind and responds to a wide range
of human pathologies, including Alzheimer’s and/or
Parkinson’s diseases or type II diabetes. Alzheimer’s
Disease (AD) has been known as one of the most
common Neurodegenerative Diseases (NDs) world-
wide and the most common cause of dementia in

elderly patients ">

. Science has proved that AD re-
lates to the progressive accumulation of Af fibrils,
especially by the aggregation of Af|_45. Thus, for
a long time ago, amyloid-beta protein (Af3) has be-
come the most promising target for one trying to
develop a treatment for AD. However, up to now,
only five drugs are approached by FDA to treat AD
so finding disease-modifying AD therapies contin-
uously remains urgent®. This makes the search
for a new compound always challenging. In this
context, the epigallocatechin-3-gallate (EGCG) com-
pound has been remarkably studied for its therapeutic
potential not only for AD but also for NDs*°.

The efficacy of EGCG is currently impressive. One
of the first investigations on the benefits of EGCG,
early in the 2000s, was performed by Choi YT in
vitro®. The polyphenol EGCG of natural green tea
was inserted into an A -induced neurotoxicity model
using cultured hippocampal neurons. EGCG com-
pound significantly attenuated the production of f3-
sheet structure formation’. Besides that, via a study
in 2010, EGCG inhibitor mediates remodel the f-
sheet-rich amyloid structures and caused the forma-
tion of smaller protein aggregates that are nontoxic to
mammalian cells®.

Widely, the therapeutic potential of EGCG for AD
was firstly demonstrated in 2005 using Swedish mu-
tant APP-overexpressing mice (Tg APPsw) in which
the intraperitoneal injection (20 mg/kg) of EGCG re-
markably decreased Af levels and A plaques in the
brain'®. Moreover, the ability of EGCG to reduce
memory deficits and cognitive deterioration has been
proved in these mice using the low (5 mg/kg) and high
doses (15 mg/kg) of EGCG '1!2. Researchers also re-
ported that EGCG performed the A amyloid fib-
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Figure 1: A full length oligomer (in green) and the
secondary B - formation of a central hydropho-
bic core (AB16_22 fragment) in the rainbow seg-
ment. Seven amino acids Lys-16 (K), Leu-17 (L), Val-
18 (V), Phe-19 (F), Phe-20 (F), Ala-21 (A), Glu-21 (E) is
named. The image is plotted by using the data from
our previous study °.

rils and oligomers. The mechanisms of EGCG-Af
interactions can be explained by the interference of
the EGCG compound with the aromatic hydropho-
bic core of Af, forming nontoxic Af oligomers and
the nontoxic aggregates produced in the presence of
EGCG?®. The result was obtained by using magic an-
gle spinning solid-state NMR spectroscopy '°. I sil-
ico, studies focusing on understanding the mecha-
nism of EG have been early proceeded '*~'¢ and re-
searchers provided convincing evidence that the in-
terventions of EGCG can prevent A} monomers to
aggregate. Furthermore, there was proved through
computational studies that EGCG preferentially binds
to the hydrophobic region of Af3 peptides’. Briefly,
evidence that the presence of EGCG is capable to in-
hibit the mechanism of the amyloid beta aggregation
strongly supports EGCG to become a potential can-
didate in AD treatment.

Many environmental conditions, such as tempera-
ture, ionic strength, pH, temperature, protein con-
centration, and excipients concentration, play impor-
tant roles in bimolecular aggregations. Solution pH
can affect the macromolecular structure and colloidal
stabilities, dictates the charge distribution on the
protein surface, and then modulates intra-molecular
and/or inter-molecular interactions '®. The stabiliza-
tion of EGCG compound and the amyloid beta pro-
tein'” under low/high pH concentration was inde-
pendently reviewed somewhere. Low pH signifi-
cantly stabilizes the fibrillar aggregation of amyloid
B, which is associated with Alzheimer’s disease. The
stabilizing effect is pronounced at pH 6.0'7. More-
over, one states that the stability of amyloid fibrils

Sl69

is highly dependent on pH with mild acidification
enhancing the production of fibril-derived nonna-
tive oligomers that disrupt membranes and alter cel-

18

lular function A deep atomistic understanding

of the pH-dependent A deposition was first in-

troduced by Telow and co-authors %20,

According
to these, at physiological pH concentration Af|_49
forms small oligomers, whereas, at acid pH below
3.4, it forms larger mass oligomers aggregating into
beaded protofibrillar chains?!. There has been also
commented that at pH = 2.0, peptides may coex-
ist with sphero-cylindrical micelles that act as nuclei
for fibrillogenesis. Furthermore, Bhowmik et al. in
20142? found that pH changes the aggregation ten-
dency of amyloid-f without altering the monomer
conformation. Between pH 10.5 and 5.5, the alpha-
helical character of the peptide remains unchanged
and the amyloid aggregation can be performed with-
out significant conformational changes **.

In another independent observation, Hortdchan-
sky?? reported the amyloid Beta protein aggregation
at low pH concentration. The total fibril 6Af_49
counted at pH = 4.5-6.5 is 2 or 3 times lower than pH
= 7.0-7.5%3. This motivated us to do this scheme in
which we will make clearer the inherent physical pic-
ture of the amyloid beta- sheet breakers under a co-
operative effect including the environment (low pH
concentration) and EGCG inhibitor. Although we
want to make as much as possible in many differ-
ent conditions, however, due to the limitation of the
computing resources in this study we only try to per-
form two molecular dynamic simulations to explore
the influence of pH-concentration on the stabiliza-
tion of 6Af¢_27 peptide. The 6AfB 622 conforma-
tion contains the lowest free energy which was ob-
tained from our previous replica exchange molecular
dynamic (REMD) simulation® is used as the initial
structure. The kinetic of the molecular system, in-
cluding 6Af -2 hexamer and EGCG, will be per-
formed in normal condition pH = 7.0 concentration
and low pH = 5.5, respectively. Several hydrogen
bonds between EGCG and AB will be counted; this
helps us to evaluate the interaction between amyloid
beta peptides and inhibitors in two different condi-
tions. The conformational changes will be studied
by comparison of protein secondary structure and
through these; the detailed mechanism of the pH-
induced conformational change will be observed.

MATERIAL AND METHODS

In the situation of limited computing resources, it’s
proved that a short peptide Af¢_o, fragments are
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useful for one who needs to investigate the behav-
ior of the full-length amyloid beta protein. Con-
taining the central hydrophobic, the AfB6_2, with 7
amino acids plays an important role in forming the
B-sheet conformation which reveals the appearance
of AP oligomers (Figure 1). From our previous per-
formance, the preventative structure of 6Af16_2; in
complex with EGCG compound is implemented as a
beginning conformation.

With the Gromacs package version 2016.5%%, the ini-
tial conformation of protein will be simulated with
Charmm-27 force field>® and TIP3P water model *°.
The solvated box is set to ensure that the smallest dis-
tance between the protein and the boundary was large
enough so that the protein does not interact with it-
self. The ligand conformation was submitted to the
SwissParam23 server (http://www.swissparam.ch) to
create its topology file. After optimization, the system
including the receptor-ligand complex, counter ions,
and solvents will be equilibrated through three steps:
energy minimization, 500ps simulation in the NVT
(number of particles, volume, and temperature), and
500 ps simulation in the NPT (number of particles,
pressure, and temperature). The temperature and the
pressure in our simulation are 300 K and latm. Up
to now, setting a pH concentration consists of setting
the solute protonated groups to the states that they
would have in a solution at the intended pH, based
on that the molecular mechanics/molecular dynam-
ics (MM/MD) simulations can be performed. Fortu-
nately, this is easier when the PDB2PQR server helps
us to prepare the initial molecular dynamic structure,
which contains a chosen pH concentration. In this
work, we perform 100 (ns) molecular dynamic simu-
lation (MD) for each environmental condition, pH =
5.5and pH =7.0.

RESULTS AND DISCUSSION

The molecular dynamic simulations at pH =
7.5 and pH = 5.5 are all stable after 100 ns

To analyze typical MD data, we calculated the root
mean square deviation (RMSD) and the radius of gy-
ration (Rg) of the Ca atoms via the equations be-
low. Initial conformations were used as the reference

2:| 1/2

structure.
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According to the time-dependent curve in Figure 2a,
Figure 2b, both the protein RMSDs and Rgs after 100
ns simulation under the normal and low pH don’t
have much difference except for the first 20 ns dura-
tion time. This is caused by systematic bias. From
now, only the last 50 ns simulated data is used for
analysis to ignore the bias. Overview, RMSD receives
the averaged value of 0.38 nm and 0.36 nm at normal
and low pH concentrations, respectively. Rg is aver-
aged at 1.1 nm for normal pH and 1.08 nm for a low
one. Full data are listed in Table 1.

l i I I I | I | I |
=y 0’8 B — lowpH —]
E K —— normal pH T
£06 -
‘% 04 - y

02F —

| T A

20 40 60 80 100
Time (ns)
(a)
],6 T T T T T T T T
LAl i
’é‘ L i
E 1,21 -
1]
2 pugidehisimponnt
1 — ]
L I 1 I 1 I 1 I [
g 20 40 60 80 100
Time (ns)
(b)

Figure 2: a. The root mean-square deviation (RSMD)
in the dependence of time; b. The radius of gyration
(Rg) in the dependence of time.

The EGCG - 6A316-22 interactive picture
under the environment change.

We count the number of hydrogen bonds to elucidate
the interactive picture between the inhibited com-
pound and the amyloid beta. A hydrogen bond will be
determined when the hydrogen-donor-acceptor an-
gle is larger than 135° and the donor-acceptor dis-
tance is longer than 0.36 nm. Under the normal pH
= 7.0 condition, EGCG formed an average value of
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Table 1: The averaged value of RMSD, Rg, number of hydrogen bonds, and Beta/Coil formed structures

pH concentration 7.0 5.5
RMSD (nm) 0.38 £ 0.03 0.36 + 0.04
Rg (nm) 1.08 = 0.01 1.10 = 0.02
Hydrogen EGCG 5.6+ 0.9 5540.1
Bond + 6Aﬁ 16—22
AB1s-2 16.6 +0.2 142402
+AB16-22
Secondary Beta 10.6 + 1.4 87+13
structure
Coil 244+ 14 246+ 15

5.6 of H-bond per one frame. Surprisingly, the same
value of 5.5 number of H-bond per one frame was ob-
tained when the concentration was decreased to pH

= 5.5. Based on these, we found that the environ- 30 — , —
mental change does not have a significant effect on - .
the epigallocatechin-3-gallate of the 6Af1¢_2, asso- _§ 24+ S =1
ciation. So our result indicates again the ability of = 8 B gl gl |
the EGCG compound to become a promised drug for b i 1
AD treatment. Figure 3a, b below shows us the time 512 -
dependence of hydrogen bond accounting between ‘g - .
EGCG and the protein. 2 6 wmmw
Low pH concentration decreases the 050 I 6|O I 7|0 L 810 L 910 I 100

6Af s > aggregation via the number of Time (ns)
inherent hydrogen bonds and the protein (a)
secondary structure.

(8]
-

ot
— lowpH
—— normal pH

In this study, we aim to count the number of inher-

(&)
=
|
|

ent H-bond formed by 6Af -7, when the complex
was simulated under the low environmental pH con-

—

dition. The averaged value of 16.6 of inherent H-bond
was obtained when we set pH = 7.0 to the solution
while it is 14.2 when the pH downed to 5.5. This result
is in agreement with a previous study when one found

Number of H-bond
LS O BN =
|
]

that pH would change the propensity of the amyloid

1 | | I | I 1 l 1
0 60 70 80 90 100
taining six residues Lys-16 (K), Leu-17 (L), Val-18 Time (ns)
(V), Phe-19 (F), Phe-20 (F), Ala-21 (A), Glu-21 (E) (b)
keeps an important role in the formation of Af pre-
fibrils. The more B-contents the conformation have, Figure 3: a. The time-dependent number of hy-
drogen bonds formed by the EGCG compound
with AB16-22 fragments; b. The time-dependent

number of hydrogen bonds inherently formed by
by using the DSSP tool supported by the Gromacs 6AB16_22.

beta aggregation (23). The AB¢_»» fragment con-

the more fibrils will be formed. As we also try to ana-
lytical explore the secondary structure of 6AfB16_22

package. Through this, not only the random-coil con-
tents but also the B-contents are figured out. In Fig-
ure 4a, b, we plotted the counted random-coil and f3-
contents per time the 6Af3 12, formed under differ-
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ent pH conditions. The averaging number of random-
coil structure didn’t change too much and received
similar values of 24.4 and 24.6. However, the f3-
content is averaged at 10.6 (normal pH) and decreases
to 8.7 (low pH). The detail is shown in Table 1. This
gives us evidence to prove that a low pH concentra-
tion (from 5.5 to 7.0) will influence the amyloid-beta
aggregation.
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Figure 4: a. The number of random-coil contents
the 6AS 162, formed under the environmental con-
dition; b. The number of 8 contents the 6AfS6_2
formed under the environmental condition.

Protein’s cluster and the free energy surface
(FES)

In Figure 5 below, we 2D-plot the free energy land-
scape of the solvated A 1¢_2> hexamer under the ef-
fect of the EGCG compound and normal/low pH en-
vironment. Three presentative structures containing
the largest probability in each performance are also
generated. To analyze the obtained data we use the
Gromacs tool, gmx-sham, in a combination with the
cluster method.

RMSD (nm)

10 1.04 108 L12 116

Rg (nm)
—r;\\‘:.‘;;._
%
0 G fidimol) 138 \7% g’h
Sry
0.48 = \ -‘ﬁ’\x
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1.0 1.04 108 L12 L16
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Figure 5: The protein free energy landscape: up-
per (normal pH 7.0) and lower (pH 5.5). EGCG com-
pound in magenta.

The gmx-cluster package classified the configuration
based on the RMSD matrix. Thus, the number of sim-
ilar structures in the same cluster was counted. The
cut-off parameter was set at 0.3 nm. Figure 6 below
shows us the first 20 clusters containing the highest
distribution. At normal pH = 7.0 concentration, only
1091 clusters were found at normal pH and the three
highest distributions are obtained of 8.68%, 4.62%,
and 4.36%, respectively. In contrast to these, over two
thousand clusters at pH = 5.5 are named and the first
three biggest clusters only possess a small probability
of 1.18%, 1.14%, and 0.11%, also from 5000 frames.
It’s easy to find that the low-concentration pH = 5.5
has dissipated the association of 6Af3¢_»> into more
configurations. The lowest free energy of the system is
observed at -14.3 kJ/mol and -13.8 kJ/mol in the case
of pH =7.0 and pH = 5.5, respectively. Figure 5 shows
the free energy landscape and indicates to us the effect
of low - pH concentration on the Af fragments’ ag-

gregation.
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Figure 6: Population of the biggest 20th protein clusters in normal - pH concentration (pH = 7.0) and low - pH

condition (pH = 5.5).

CONCLUSION

The two physical systems EGCG in two different pH
conditions have been successfully simulated by Gro-
macs package version 2016.5. Based on the collected
data, the environmental difference does not change
the number of H-bond between inhibitor and Af
fragment; this partly confirms the stability of EGCG
in the relationship with Af. Our study encourages
EGCG to become a potential prospect in treating AD.
Besides that, we focus on analyzing the aggregation of
AB16_2> under the dual interaction of environmen-
tal factors and potential inhibitors. Accordingly, the
AP 16_22 free energy has slightly increased from -14.3
kcal.mol ™! to -13.8 kcal.mol~! when pH concentra-
tion is reduced from normal pH = 7.0 to low on pH
= 5.5. A number of inherent H-bond and protein
clusters also confirmed that A} aggregation was dis-
sipated at pH = 5.5. Moreover, f3-contents are also
created in low pH- concentration less than in the nor-
mal one, thus A fibrillary deposition will be smaller
at pH =5.5.
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Su ngung tu ctia AB¢_>, hexamer duéi anh huéng kép ctia hop
chat EGCG va diéu kién méi truéng pH thap

Nguyén Quéc Thai', Huynh Quang Linh?”*

TOM TAT

Bénh Alzheimer la mot trong nhiing bénh mat tri phé bién nhat, bénh nay co lién quan dén mang
amyloid beta (AB). Su tich tu AB dang tién sgi da chiing minh la gay tén thuong cho nhitng bénh
) e nhan mac ching suy gidm tri nhé (Azheimer), co ché hoat dong clia doan AB 1622 il vai tro
QR code and download this article quan trong trong su két tap soi AB dua vao cau tric 8. Cac nghién ctu trudc day chira rang cang
nhiéu thanh phan B thi cang nhiéu cdu trdc dang sgi dugc tao ra. Trong mét nghién clu trude day,
ching téi da xay dung dugc cau hinh hexamer clia A 1622 két tap dudi sy Uc ché clia hoat chat
epigallocatechin-3-gallate (EGCG), day la hop chat co kha nang lam suy gidm su hinh thanh cdu
trdc B-sheet. Tuy nhién, anh hudng ctia moi trudng lén su két tap chua dugc xem xét. Vi vay, trong
nghién ctu nay, chidng téi nghién ctiu dnh hudng clia pH & cdp do nguyén tir bang mé phong
dong luc hoc phan tlr: cau hinh 6AB16_22-EGCG dudi dnh hudng clia pH = 7.0 va pH = 5.5. Phéan
tich dirliéu cho théy rang s lugng lién két Hydrogen gitia EGCG va doan A khong thay déi & cac
ndng do pH khac nhau. Bén canh dé, két qua moé phong duoc phan tich bang cong cu DSSP cla
g6i phan mém Gromacs cho théy s6 lugng trung binh clia cdu tric random-coil khéng thay déi
nhiéu, c6 gid tri gan bang nhau 24.4 (pH = 7.0), 24.6 (pH = 5.5), va c6 su suy gidm néng dé B dudi
tuong tac clia ndng do pH thap va hoat chat tic ché EGCG. Nang lugng tu do bé mat ctia AB16-_22
tang nhe tr -14.3 kcal.mol=! 1én -13.8 kcal.mol~! khi ndng d® pH gidm ti pH = 7.0 xuéng thap &
pH=5.5. Két qua nghién cliu moé phong phu hop vai cac két qua clia thuc nghiém. Nhimng két qua
dat dugc lam sang td mot phan co ché vat ly, tuong tac clia phan tl trong linh vuc, va buc tranh
vé khoa hoc tinh toan ting dung trong thiét ké thudc diéu tri bénh Azheimer.

Tu khoa: A-beta oligomer, epigalocatechin galat (EGCG), diéu kién pH, ham lugng beta
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