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TOM TAT
Trong bai bao nay, ching t6i st dung mé hinh diém mang két hop véi 1y thuyét mé phong Monte
Carlo va ngdn ngit 1ap trinh Fortran dd mé phong va nghién ctru nhan chuyén pha cua qué trinh ngung
tu soi amyloid beta. Dwa vao cac két qua tinh toan, chung toi ¢ mé phong duoc duong dic trung chir S
cua qua trinh ngung tu soi protein. Pong thoi, chiing t6i phan tich dugc co ché cua sy hinh thanh nhan
chuyén pha, duoc dlen ra ngay trong pha tré dé tao ra cac oligomer soi c6 kich thudc dii 16n va bén nhiét

- déng vai trd nhu “mam” dé cac mononer khac dén bam vao tao thanh soi amyloid beta.

Tir khéa: soi amyloid beta, mé phong Monte Carlo, nhdn chuyén pha, qud trinh ngung tu soi.

1. MO DAU

Su ngung tu soi amyloid-beta (APB) la mot qua
trinh then chdt trong co ché sinh bénh Alzheimer
va mot sé bénh thodi hoa than kinh khéc. Trude
day, qua trinh nay duoc mo ta theo mo hinh dong
hoc ngung tu tuyen tinh, trong do s0i A hinh thanh
thong qua co ché tao mam 50 cip va ting truong.
Tuy nhién, cic nghién ctru gin day di chi ra riang
soi AP c6 thé trai qua qua trinh nhan chuyén pha
- 12 qua trinh ma trong d6 monomer AB ban dau
tap hop thanh cac dang ngung tu trung gian (goi la
oligomer) trudc khi chuyén doi thanh dang soi A
6n dinh c6 cau tric beta-sheet chong 16p (Michaels
et al. (2023), S. Mukherjee et al. (2024)).

Mot s6 nghién ctru cho thiy rang cac oligomer
ctia soi AP trong qua trinh nhan chuyén pha c6 thé
1a dang gdy doc than kinh manh nhit, 1am gian
doan chirc nang té bao than kinh (D. M. Walsh et
al. (2002); S. Lesné et al. (2006)). Do do, hiéu r&
vai trd ciia nhan chuyén pha trong su ngung tu cua
s01 AP khong chi giup giai thich dong hoc phure tap
cua qua trinh ngung tu soi A ma con mé ra huéng
tiép can moi trong nghién ctru bénh Alzheimer.
Chinh diéu nay da thuc day nhiéu nghién ctru thyc
nghiém va 1y thuyét nham hiéu rd cc co ché anh
huéng dén qua trinh hinh thanh oligomer va soi
AP (F. Chiti and C. M. Dobson (2006), J. E. Straub
and D. Thirumalai (2010).

Mo hinh diém mang (lattice models) 1a mot
trong nhitng cong cu phd bién dé nghién ciru sy
ngung tu cua s¢i AB. Nhiing m6 hinh nay don gian
hoa cau triic protein va mdi truong xung quanh,
gitp mo phong su ngung tu protem trong khoang
thoi gian dai ma van c6 thé phan 4anh duoc cac
dic diém chinh cua qua trinh soi hoa. Trong do,
mo hinh diém mang cua D. Thirumalai dugc coi
1a phuong phap hiéu qua hon dé nghién ciru sy

hinh thanh s¢i A (J. E. Straub and D. Thirumalai
(2010), M. S. Li et al (2010)). M6 hinh nay st
dung cac nguyén 1y vat Iy dé mé ta sy ngung tu
cua cac soi Ap.

Trong bai bao nay, chung toi phat trién mo
hinh diém mang cta D. Thirumalai két hop véi
Iy thuyét mo phong Monte Carlo va ngén ngir lap
trinh Fortran dé nghién ctru nhan chuyén pha cta
qua trinh ngung tu soi Ap.

2. VAT LIEU VA PHUONG PHAP NGHIEN
cUUu
2.1. Vit liéu

Mb hinh diém mang ctia Thirumalai mé ta mdi
don chudi polypeptide cua protein gobm 8 diém
mang trén mot mang ludi khong gian roi rac. Moi
diém mang goi 1a mét bead va dai dién cho mdt
amino acid trong chudi. Trinh ty ctia mot don
chudi polypeptide 1a +HHPPHH—, trong d6 + va
— la cac bead mang di¢én, con H va P lan luot biéu
thi cac bead ky nudc va phan cuc. Hai bead lién
tiép trong mot chudi duoc ndi bang mot lién két
peptide cb dinh, gitp duy tri tinh lién tyc ctia chudi
va khoang cach giira bead lién tiép luén bang 1
don vi cua mang lu6i. Cac bead khong lién tiép
nhung gan nhau trong khong gian c6 thé dugc gan
tuong tac theo mot trong hai loai sau: tuong tac
ki nudc va tuong tdc Van der Waals. Nang lugng
ctia chudi polypeptide duoc tinh dira trén tong cac
tuong tac gitta cac bead trén ludi. Mang ludi khong
gian dugc mo hinh hoéa thanh mot hop md phong
c¢6 dang lap phuong ma mdi canh gdm céc bead
lién nhau trén mot duong thang. Kich thudc canh
ciia hop mo phong chinh 1a s6 luong bead nam
trén canh d6. Mdi bead ctia chudi polypeptide chi
c6 thé di chuyén dén céc vi tri 1an can hop [¢ cua
hop mo phong. Nang lugng ciia chudi polypeptide
dugc tinh dua trén tong cac ning lugng twong tac
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gitta cac bead cua protein trong hop mo phong
theo biéu thirc sau:
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I;ala khoang céch gitra hai bead lién tiép; sm(i)
biéu thi cho bead thir i trong chudi polypeptide thir
m; 8(0)=1, bang 0 trong cac truong hop khac. Sb
hang thtr nhit va tht hai cta biéu thue (1) 1an luot
biéu dién twong tac giira cac bead trong ciing mot
chudi polypeptide va gitta cac bead & cac chudi
polypeptide khac nhau. Bang gid tri nang luong
cua tung loai tuong tdc khac nhau gilta hai bead
dugc thé hién & bang 1.

Bang 1. Bang gia tri nang lugng tuwong tac giira

cac bead khac nhau (don vi 1a — nang lugng
lién két hidro)(M. S. Li et al, 2008)

Bead H P + -
H -1.0 0.2 0.2 0.2
P 0.2 -0.2 -0.2 -0.2
+ 0.2 -0.2 0.35 -0.7
- 0.2 -0.2 -0.7 0.35

Trong bai bao nay, chung t6i tha 16 chudi
polypeptide & trang thai ngiu nhién ban dau vao
mot hop md phong co kich thudc xac dinh. Thoi
gian ngung tu s¢i AP, ki hiéu la T, dugc dinh nghia
1a khoang thoi gian tir lac bat dau tha 16 chudi
polypeptide ngdu nhién vao hop mé phong cho dén
khi ghi nhén duogc su xuét hién lan dau tién cta soi
AB. Theo 1y thuyét Monte Carlo, chuyén dong cua
cac chudi polypeptlde duoc thay d6i ngau nhién.
Chuyen dong ctia mdi mot chudi polypeptlde bao
gém chuyén dong tong thé va chuyén dong dinh
XU voi ti 18 xac suat twong tmg 1a 1:9. Mot vong
1ap mo6 phong Monte Carlo dugc goi la mot budc
Monte Carlo, ki hiéu 1a MCS, 14 t6 hop cac chuyén
dong tong thé va chuyén dong dinh xir dé protein
dat duoc trang thai soi AP. Vay thoi gian ngung
tu 7 14 boi s6 cia MCS. O nghién ciru nay, ching
t61 thiét 1ap gia trj toi da cua thoi gian mé phong
1a 10° MCS. O mdi diéu kién khao sat cu thé, hé
mo phong soi AP thuc hién ngiu nhién 30 quy dao
Monte Carlo va thoi gian ngung tu T la gia tri trung
binh cia T qua 30 quy dao Monte Carlo.

2.2. Phwong phap

Chung t6i sir dung phuong phap nghién ctru ly

thuyét va phuong phap mé phong. Cu thé, ching

t6i phat trién mo hinh diém mang ctia nhém tac
gia D. Thirumalai két hop véi ly thuyét mé phong
Monte Carlo va sir dung ngdn ngit 1ap trinh Fortran
90 d¢é tinh toan qua trinh ngung tu soi Ap. Sau qué
trinh md phdng tinh toan trén hé siéu may tinh,
ching t6i tu 1ap trinh trén nhan Linux dé phan tich
cac két qua lién quan vé nhan chuyén pha cia qua
trinh ngung ty soi A nhu: kich thudc cua nhan
chuyén pha, oligomer sgi cuc dai,.

3. KET QUA VA THAO LUAN
3.1. Anh huéng ciia nhiét dg Ién thoi gian ngung
tu soi amyloid beta

Dé khao sat sy phu thudc cua thoi gian ngung tu
T vao nhi¢t d§ T, chung toi ¢d dinh kich thudce canh
ctia hop mod phong 1a 41 bead va thay dbi nhiét do
T ciia hé md phong, sao cho ti sb T/T, lan luot nhan
cac gia tri la 0.45, 0.5, 0.55, 0.57, 0.6, 0.63, 0.65 va
0.67 v6i T, 1a nhi¢t d6 cudn thuc té cua protein

Khi khao sath¢ m6 phong & diéu kién ma ti s6 T/T,
<0,45vaT/T,> 0,67 thi két qua la khong thu duoc bat
ky quy dao MC nio tao dugc cau tric soi AP, nghia
la doi hoi thoi gian mo6 phong phai 16n hon 10° MCS.
Noi cach khac, can phai c6 rt nhiéu thoi gian tinh toan
va tai nguyén may tinh dé thuc hién mé phong.
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Hinh 1. Db thi biéu dién sy phu thudc ciia thoi
gian ngung tu T vao T/T .

Trong hinh 1, cac doan théng mau xanh biéu thi
sai sO cua thoi gian ngung tu T qua 30 quy dao MC
khac nhau & moi dicu kién cu thé:

+ O nhiét 46 ma T/T = (.45 thi sai s cua thoi
gian ngung tu T la rat lorn nguyén nhén la do chi
c6 mdt nira trong s toan by quy dao MC tao dugc
cau tric dang soi.

+ O nhiét ¢ ma T/T, = 0. 67 thi chi duy nhit
mdt quy dao ghi nhan c¢6 su xuét hién cta cau tric
soi. Do d6, ¢ hai gia tri nhiét do nay chua du dir
liéu d€ phan tich.

+0 cac gid tri nhiét do con lai thi c6 trén 80% téng
s0 quy dao MC tao dugc cau tric sgi nén da du so liéu
dé the hi¢n tinh chat can khao sat ctia h¢ moé phong.

+ Khi T/T, ¢6 gia tri trong ntra khoang



Tap 19 » S6 3-2025, Tap chi Khoa hoc Tay Nguyén

[0.45;0.57) thi T giam dan. Khi T/T, c6 gia tri
trong ntra khoang [0.57;0.67) thl T tang dan. Khi
T/T,=0.57 thi dat gia tri cuc tiéu.

+ Déng diéu cua duong biéu dién sy phu thudc
cua T vao ti s6 T/T, phu hop véi cong trinh nghién
cttu cia N. T. Co (N. T. Co (2022))

Chung t6i chon nhiét d6 T ma T/T, = 0.57 dé
tién hanh khao sat cac noi dung tiép theo

3.2. Khdo sat nhdn chuyen pha ciia qua trinh
ngung tu sgi amyloid beta

Nhan chuyén pha chi xuét hién vao cudi pha
tré ciia qua trinh ngung tu soi AB, tir do cac chu01
polypeptide khac bam vao nhén dé sip xép va
hinh thanh nén ciu trac sgi. Noi cach khéac, nhan
chuyén pha dugc xem la “mam ngung ty” ciia qua
trinh tao soi. Do d6, mudn tinh toan dugc nhan
chuyén pha thi truée hét can phai quan sat dugc sy
xuit hién cua pha tré trong dudng dic trung chit
S ctia qua trinh ngung tu s¢i AP — chinh 1a duong
biéu dién su phu thudc cua sb luwong lién két soi co
trong soi AP theo thoi gian ngung tu soi. Dé tiét
kiém tai nguyén may tinh cho viéc chay tinh toan
cac dir liéu khac, ¢ ndi dung nay ching t6i chi ghi
nhan sé lugng lién két soi sau mdi 10° (MCS).
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Hinh 2. Pudng dic trung clia qua trinh ngung
tu sgi protein ¢ cac h§p mé phéng khac nhau &
hai dai thoi gian khac nhau.

O khao sat nay, ching t6i ¢6 dinh nhiét d6 T ¢
gid tri ma T/T, = 0.57, roi lan luot thay ddi kich
thudc canh (ki hiéu 1a KT) ctia hdp mo phong la
21, 31, 41 va 51 bead. Hinh 2 biéu thi két qua sy
phu thudc cua s6 lién két soi c6 trong cAu tric soi
AP theo thoi gian md phong 0 cac hop mo phong
khac nhau. Viéc thay d6i kich thudc hop mod phong
trong duong v6i viée chung ta thay d6i nong do
cua protein.

Tir hinh 2a, chung t6i thiy rang qua trinh ngung
tu soi AP c6 dang diéu hinh chit S. Bé quan sat k¥
hon duoc pha tré ciia qua trinh ngung tu soi AP,
ching t6i v& lai d0 thi sy phu thudc cia sb lién két
soi vao thoi gian ¢ giai doan ddu ciia qua trinh mo
phong (khoang 2.108 MCS) va két qua thé hién &
hinh 2b. Ttr hinh 2b, ching t6i rit ra mot sé nhan
xét nhu sau:

+ Khi KT = 21 bead: khong c6 su xuét hién
pha tré trong dudng dic trung ciia qua trinh ngung
tu s¢i (duong mau den). Nguyén nhan duoc giai
th1ch la do véi hop co kich thude la 21 bead thi
nong do polypeptide trong hop luc ndy rat cao, dan
dén xéc sut cac polypeptlde lién két v6i nhau dé
tao thanh nhan ngung tu dé chuyén pha la rat 1orn
Chung ngung tu trong khoang thoi gian rat ngan
din dén giai doan pha tré xay ra qud nhanh ma
qua trinh tinh toan chua thé ghi nhan dugc. Vi vay
chua thé khao sat chinh xac dugce sy hinh thanh
nhan ngung tu trong pha tré d6i voi hop c6 KT =
21 bead.

+ Khi KT =31 bead: ndng d6 polypeptide giam
dan dén thoi gian dién ra pha tré duoc kéo dai
hon (dudng mau do). Tuy nhién, pha tré chi dién
ra trong thoi gian rat ngin, vao khoang 7000.10°
MCS.

+ Khi KT = 41 bead: quan sat duoc rd pha tré
ciia qua trinh ngung tu soi AP véi thoi gian dién
ra cua pha tré vao khoang 25000.10° MCS. Luc
nay dang di¢u hinh ch@t S ddc trung cho qua trinh
ngung tu soi duoc thé hién ré rang thong qua
duong mau xanh 14 ciy. Do vay, day la diéu kién
phu hop cho viéc nghién ctru qua trinh hinh thanh
nhan chuyén pha trong pha tré.

+ Khi KT = 51 bead: véi khoang thoi gian
thiét 1ap 1a 10° MCS thi van chua c6 quy dao MC
nao tao dugc ciu trac soi protein. Noi cach khac,
pha tré chua dugc hoan thanh xong ddi vai kich
thudc hop mo phong nay. Nguyén nhan co thé
do khi kich thudc hop mo phong 16n, nong do
polypeptide bi giam di dang ké, gay khé khin cho
cac polypeptlde di chuyén dén giap va lién két voi
nhau dé tao thanh nhan ngung tu trong khong
gian hop md phdng.
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Vay khi tang kich thudc cua hop mod phong
thi thoi gian dién ra cua pha tré duogc ting 1én.
Nguyén nhan cé thé duoc giai thich nhu sau:
khi tang kich thudc ciia hop moé phong thi ndng
do cac polypeptide giam, dan dén kha nang cac
polypeptide dén lién két v6i nhau dé tao thanh
nhan ngung tu trong pha tré s& giam, dong nghia
rang pha tré s& phai dién ra trong khoang thoi
gian lau hon. Chung t6i lya chon gia tri hop mo
phong ¢6 KT = 41 bead dé khao sat cac ndi dung
tiép theo.

Pong hoc cua qua trinh tang kich thudc sgi AB
dugc thé hién qua phuong trinh sau:

MR, + MR = MR, (2)

Vé’i MR 1a 1 monomer c6 8 bead ¢ trang thai
ngau nhién duoc gian két vao mot oligomer SO’l
MRy, -- 1a dang ngung tu trung gian c6 ciu
trac trat tw gom (k — 1) monomer s¢i AP dinh
dang phan song song vGi nhau, MRy 1a soi AB
gdm Kk monomer soi AP dinh dang phan song
song voi nhau.

Sau khi tha 16 monomer & trang thai ngau
nhién vao mgt hop moé phong c6 KT=41 thi
trong qua trinh ngung tu s¢i protein s€ quan sat
duogc cac trang thai trung gian cla sgi protein,
nghia 1a ¢6 thé quan sat duoc cac sgi protein
duoc ciu tao tir s6 luvong khac nhau cta cac
mononer soi.

Hinh 3 biéu dién sy bién dbi kich thudc cua
cac oligomer soi c6 trong qua trinh ngung tu. Gia
tri khac nhau cua cac oligomer sgi thé hién cac
oligomer sgi duoc cAu tao tir sb luong khac nhau
cua cac mononer s¢i AP dinh dang phan song song
v6i nhau.

Theo nhém cua N.T. Co and M.S. Li (2012),
kich thudc cua oligomer soi dugce tinh thong qua
xac suat xuat hién trang thai oligomer cé kich
thudc k soi twong tmg, theo biéu thirc sau: ( N.T.
Co and M.S. Li (2012))

= 3

tong

V6i Mg, 12 tong s6 lan xuat hién trang thai
soi protein dugc tao thanh tir £ monomer sgi xép
phan song song véi nhau va Nggpng la téng )
trang thai kha di ctia h¢ trong khong gian pha

1nz(k soi)

Kich thude oligomer sgi

Hinh 3. Sy phu thugc ctia kich thwéc oligomer
soi vao InZy

T hinh 3, ching t6i thay rang:

+ O nhig oligomer soi ¢6 kich thudc nho k <
10, cac oligomer soi c6 kich thudc cang bé thi xac
suat xuét hién cang nhiéu. Nguyén nhan duoc giai
thich nhu sau: ban dau hé mé phong c6 16 monomer
& trang thai co dudi ngau nhién, hé mo phong can
phai ¢6 sy thay doi ning lu(mg tu do dé ban than
timg con monomer cudn vé dang cAu tric monomer
soi, dan dén sb 1an xuét hién ciia cdc monomer soi 1a
nhiéu nhat. Sau do, timg mononer sgi c6 thé ngung
tu voi mot monomer khéc tao oligomer sgi c6 kich
thude 2, dan dén s lan xuét hién oligomer sgi c6
kich thudc 2 monomer sgi s€ bi giam so voi truong
hop cua oligomer sgi dugc cAu tao tir 1 monomer
soi. Tiép theo, timg oligomer soi c6 kich thudc 2
¢6 thé ngung tu véi mot monomer ngau nhién khac
tao thanh oligomer soi c6 kich thudc 3 nén xac suét
Xuét hién oligomer sgi c6 kich thudc 3 monomer soi
bi giam so voi truong hop cua oligomer soi dugc
cAu tao tur 1 hoac 2 monomer soi. Va qua trinh nhu
vay dién ra tiép tuc dén khi oligomer soi c6 kich
thudc bang 10. Tuy nhién, trong qué trinh nay céc
oligomer soi van phai dién ra qua trinh cudn va nha
cudén mot cach ngﬁu nhién do phén ra nhiét.

+ Trang thai ma oligomer soi c6 kich thudc bang
10 ¢6 xéc suat xuét hién nho nhat. Két qua nay c6 thé
duoc 1y giai rang: khi oligomer soi & trang thai co
kich thudc 1a 10, day 1a mot ciu trac tuong dbi bén
nhiét nén khong bi phan ra nhiét ma n6 tré thanh “ciu
triic bén”, déng vai trd nhu mot cai “mam” ma tir do
timg con monomer ngau nhién khac dén gin chit vao
“mam”, nglmg tu thanh oligomer sgi co kich thudc
16n hon kich thuée cta “mam” nén xac sudt xuat hién
trang thai “mam” nay 1a nho nhét. Theo 1y thuyét cua
qua trinh ngung tu protein, trang thai nay dugc goi
1d nhan chuyén pha. No6i cach khac, kich thudc cia
nhan chuyén pha ctia qua trinh ngung tu soi protein
cta hé gdbm 16 chudi polypeptide ma ching toi dang
xét ¢ kich thudce bang 10.

+ O nhiing oligomer soi c6 kich thudc twong dbi
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16n (tmg v6i k >10) thi qué trinh dién ra ngugc lai véi
qua trinh cua nhiing oligomer soi cé kich thudc nho
(k<10), nghia 1a cac oligomer soi c6 kich thudc cang
tang thi xac sut xuit hién cang 16n. Nguyén nhan
duoc giai thich 1 do lac nay, nhan chuyén pha cia
qua trinh ngung tu da duoc hinh thanh va n6 dong
vai tro nhu 13 “mam” co sin trong moi truong, cac
monomer con lai trong hé mé phong chi can mot bién
d6i mot luong nang lugng tu do nhé thi da c6 thé bam
vao “mam” dé phat trién thanh cac oligomer soi co
kich thudc 16n hon. Theo 1y thuyét nhan chuyén pha
cta qua trinh ngung tu soi protein, cac oligomer sQi
lac ndy van c6 thé dién ra qua trinh phan ra nhiét, tuy
nhién kich thudc ctia oligomer sgi sau khi bi nha cuon
phai luén 16n hon kich thudc caa nhan chuyén pha.

Cubi cung, chung toi tinh sy phu thuoc cua 3
dai lwong gom: s6 lwgng monomer sgi, s6 lugng
oligomer sgi va kich cd cua oligomer soi c6 kich
thudc cuc dai theo thoi gian mo phong va két qua
dugc thé hién nhu hinh 4. Dé phan tich sy bién
d6i cua 3 dai lugng trén vao thoi gian mo phong,
chung t6i da vé& duong biéu dién sy phu thudc cia
3 dai lugng trén theo thoi gian ¢ hai truong hop
la toan bd qué trinh md phong (hinh 4a) va & giai
doan dau cua qua trinh mo6 phong (hinh 4b).
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b. Giai doan dAu ciia qué trinh mé phong (2.108 MCS)
Hlnh 4. D6 thi biéu dién sw phu thudc ciia
50 lwgng monomer sgi, oligomer sgi va kich
thuéc ctia oligomer sgi cuc dai ¢ hai dai thoi
gian khac nhau.

Tt hinh 4b chiing t6i thiy rang:

+ O giai doan dau (giai doan A ciia hinh 4b)
clia qué trinh ngung tu soi chi yéu ton tai 1 cac
monomer soi v6i sb luong thudc doan [10;16]
(dudng mau den). Pong thoi, sé lugng oligomer
soi trung gian co kich thudc khac nhau ting dan
trong doan [0;4] (duong mau do6). Puong mau
xanh 14 cdy trong dd thi ¢ hinh 4b biéu thi su bién
d6i kich thudc cua cac oligomer soi cuc dai xuat
hién theo thoi gian trong quéd trinh m6 phong.
Trong giai doan nay, ching toi thiy ring c6 xuit
hién cac oligomer sgi c6 kich thudc cuc dai nam
trong doan [1;5]. Tuy nhién, trong giai doan nay
dién ra qua trinh cudn va nha cudn cua soi protein
mdt cach ngdu nhién, diéu nay dugc thé hién thong
qua sy bién doi kich thudc cua oligomer sgi ¢
kich thudc cuc dai mot cach lién tuc.

+ Tiép theo 1a giai doan B nhu ki hiéu trén
hinh 4b 14 thoi diém bat dau dién ra qua trinh hinh
thanh nhan chuyén pha, ttic 1a c6 su xuét hién cua
oligomer soi co kich cd 1a 10.

+ Sau mot qua trinh bién dbi thi nhan chuyén
pha duoc hinh thanh va c¢é ciu triic bén nhiét dong
vai tro 1a “mam” trong giai doan C. Vi “mam” da
duoc hinh thanh & giai doan B, cac monomer ngﬁu
nhién khac dén bam vao “mam” dé ting dan kich
thudc cua mang soi. Két qua nay duoc thé hién
thong qua su bién doi kich ¢& cua oligomer soi
¢6 kich thudc 16n nhét & giai doan C thay doi gia
tri trong doan [12;16]. Pong thoi, sy bién d6i nay
con thé hién qua trinh cudn va nha cudn cua cac
oligomer soi trong giai doan C theo thoi gian. Tuy
nhién sau khi nha cudn thi kich c& cta oligomer
soi ¢o kich thuée cuc dai van 16n hon kich thudc
nhan chuyén pha 1a 10. Diéu nay mot lan nita
khang dinh rang nhan chuyén pha cua qua trinh
ngung tu soi dbi v6i hé moé phong dang nghién ciru
¢6 kich thudc 10 13 hoan toan phu hop véi két qua
khao sat & phan noi dung trudc.

4. KET LUAN

Chung t6i st dung mo hinh diém mang cia
nhom Thirumalai két hop véi Iy thuyét mé phong
Monte Carlo va ngén ngit lap trinh Fortran dé
nghién ctru nhan chuyén pha cia qua trinh ngung
tu s¢i amyloid beta. Dya vao cac két qua tinh
toan, ching t61 da md phong dugc duong dic
trung chitr S ciia qua trinh ngung ty sgi protein.
Pong thoi, chung toi phan tich duge co ché cia
su hinh thanh nhan chuyén pha, dugc dién ra
ngay trong pha tré dé tao ra cac oligomer sgi co
kich thudc du 16n va bén nhiét - dong vai trd nhu
“mam” dé cac mononer khac dén bam vao tao
thanh sgi amyloid beta.
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ABSTRACT

In this study, we employ a lattice model combined with Monte Carlo simulation and the Fortran
programming language to investigate phase nucleation in the amyloid-beta fibril formation process.
Our findings successfully reproduce the characteristic sigmoid curve of fibril aggregation. Additionally,
we analyze the nucleation mechanism during the lag phase, where thermally stable fibril oligomers
of sufficient size form. These oligomers act as nucleation sites, promoting monomer attachment and
ultimately leading to the formation of amyloid-beta fibrils

Keywords: amyloid beta fibril, Monte Carlo simulation, phase nucleation, the aggregation process

of fibril
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