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1.QUY PINH VE VIEC GUIBAI

Bai viét gtii d&n Tap chi Khoa hoc TAy Nguyén phéi ddm béo chua tiing dugc cong b6 hodc gii xét
duyét tai batky tap chi, hoi thdo hay 4n pham thong tin nao khac. Tap chi chdp nhén bai viét bing hai
ngon ngil: tiéng Viét va tiéng Anh, tiy thudc vao ddi tugng nghién ctiu va pham vi tiép cin ciia tc
gia. T4c gid cAn ddm bo ring ndi dung bai viét tuan thi ding chuin muc dao dic khoa hoc, khong vi
pham c4c quy dinh vé dao viin hay s hitu trf tué.

2.YEU CAUVENOIDUNG BAI VIET

Noi dung bai viét can ddm bao tinh c6 dong va siic tich, néu bat dugc nhiing két qua nghién ciiu chinh
yéu. Tap chi chi xét duyét nhiing bai viét c6 ciu tridc rd rang va phit hdp véi tiéu chudn cla tling loai
hinh bai bdo. Tap chi Khoa hoc Tay Nguyén dic biét hoan nghénh hai loai bai viét chinh nhu sau:

a. Bai bao nghién ctiu (Research Article):

La bai viét trinh bay két qua chi tiét cia modt nghién ctiu nguyén goe, déng gép vao linh viic khoa hoc
tuong ting. CAu triic chinh gdm: Tém tit (Abstract): Gidi thidéu ngdn gon muc tidu, phucng phdp,
két qua va két luan. Gidi thiéu (Introduction): Trinh bay bdi cinh, tAm quan trong va muc tiéu
nghién ctiu. Vat liéu va Phuong phap (Materials and Methods): Mo ta chi tiét vat lidu (dung cu,
héa chat, dit liéu...) va phucng phép thue hién d& ddm bao ngudi doc c6 thé tdi hién lai. Két qua va
Thao luin (Results and Discussion): Trinh bay két qua qua s& liéu, biéu d6 va d4nh gid y nghia, so
sanh vé6i cdc nghién ctu trude. Két luan (Conclusion): Tém tit két qua chinh va @ xuat huéng
nghién ctiu hoic ting dung ti€p theo. Tai liéu tham khao (References): Danh sich tai liéu trich dan
theo tiéu chuin cta tap chi. Bai bio phai minh bach, ddm béo tinh khoa hoc va déng gbp gia tri cho
cong ddng hoc thut.

b. Bai viét tong quan (Review Article):

Bai viét tdng quan tap trung vao viéc tong hop va danh gid cic nghién ciu da dugc cong bo, ddng
thoi phan 4nh xu hudng nghién ctiu hoic c4c van dé dang dugc cong ddng quan tAm. T4c gia can trinh
bay mot cach khach quan, c6 hé thong va @dm bao cdc quan diém dua ra dudc hd trg bdi bing chiing
khoa hoc 1o rang. Phan téng quan nén cung cip cdi nhin bao quét vé chi dé, chi ra nhiing khoang
trong can dugc khai théc trong tuong lai.

3.YEU CAU VE PINH DANG BAI VIET

Bai viét cin dudc trinh bay theo diing quy dinh vé dinh dang ctia tap chi trén khé gidy A4, t6i da 10
trang, va tuan thi cic quy cach sau: Font chii: Times New Roman, ¢& chii 11, gian dong don. Lé:
Trén 2 cm, dudi 2 cm, trai 3 cm, phai 2 cm. Cong thic toan hoc: St dung MS Equation hoic
MathType (diic biét cho bai thudc linh vic Toan hoc va Vit ly). Hinh anh va biéu do: Khuyén
khich diing Word Picture dé d& dang chinh stia. Viéc tuan thii cdc yéu cAu nay gitip ddm béo su thdng
nhit vé hinh thiic va hd trg qu4 trinh bién tip, phan bién dugc thuic hién nhanh chéng va hiéu qua.

4. THONG TIN LIEN HE

O cudi bai viét, tic gia hodic nhém tdc gia cin cung cip ddy du thong tin 1ién hé bao gdm: ho va tén,
dia chi cong tac hoiic noi lam viéc, so dién thoai va email. Thong tin nay gitip toa soan va ban bién
tap dé dang trao d6i, lién hé trong qua trinh phan bién va chinh stia bai viét néu can thiét.

5. THONG TIN BO SUNG VA KINH PHi PHAN BIEN

T4c gia cAn tham khao thém céc quy dinh chi tiét vé dinh dang bai viét, quy trinh phan bién va chi
phi lién quan tai muc Danh cho tac gia trén trang web chinh thic ctia tap chi. TAt ca cdc bai viét sé
dudc bién tip va phan bién chit ché v6i quy trinh phan bién hoan toan online dé ddm bao chat luong
hoc thuat cao nhat trudc khi xuat ban.
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KHAO SAT PHA TRE CUA QUA TRINH NGUNG TU SQI AMYLOID — BETA BANG
MO HINH PIEM MANG
Pham Ngoc Ha', Nguyén Thi Mai Tram', Phung Nguyén Thai Hang!
Ngay nhan bai: 02/04/2026; Ngay phan bién thong qua: 21/05/2026; Ngay duyét dang: 15/06/2026

TOM TAT

Nghién ctru nay sir dung mé hinh diém mang két hop thuét toan Monte Carlo nham vugt qua rao can
vé thang thoi gian tinh toan, cho phép quan sat tron ven dong hoc pha tré trong diéu kién vi mo. Két qua
cho thay sy phu thudc ctia thoi gian ngung tu vao nhiét do tuan theo quy luat duong cong dang chir U,
xac dinh duoc vung nhiét do tbi wu giap hé théng dat téc d6 tao mam cuc dai. Khao sat bién thién néng
d6 khing dinh méi twong quan nghich bién véi thoi gian tré, dwoc giai thich théng qua su gia ting xac
suat va cham hiéu dung va kha nang hinh thanh nhan ngung tu khi mat d6 khong gian dugc thu hep. Bac
biét, viéc tai hién thanh cong cac duong cong dong hoc dang chir S cho phép xac dinh ngudng nong do

1y tuong dé duy tri pha tré di1 1au cho cac phén tich vi mo chi tiét.

Tir khéa: amyloid beta, pha tré, ngung tu protein, mé hinh diém mang, Monte Carlo.

1. MO PAU

Qua trinh tu lip rap va ngung tu cia peptide
amyloid-beta (Ap) thanh cac cu trac soi - 1a mot
dau hiéu bénh ly dac trung va dong vai tro trung
tam trong co ché tién trién cta bénh Alzheimer
(Knowles T. P. J. et al. (2014); Chiti F. & Dobson
C. M. (2017)). Cac bang chimng sinh hoc phan tir
hién dai da chi ra rﬁng doc tinh té bao than kinh
khong chii yéu xudt phat tir cic soi AP trudng
thanh, ma bat ngudn tir cac dang oligomer trung
gian duoc hinh thanh trong giai doan dau cia qua
trinh ngung tu, hay con goi la pha tré (Wolff M. et
al. (2015); Michaels T. C. T. et al. (2020)). Vé mat
nhiét dong luc hoc, pha tré khong phai 1a mot trang
thai tinh, ma 13 giai doan & d6 hé thdng trai qua
nhirng thing giang cau hinh lién tuc dé vuot qua
rao can nang lugng tu do khong 16 nham tao ra cac
nhan t6i han. Do d6, viéc hiéu 15 cac co ché vat ly
chi phdi pha tré 13 bai toan then chdt dé kiém soat
su hinh thanh cac dang oligomer ddc tinh.

Trong thap ky qua, nhiéu nd lyc tir ca thuc
nghiém va 1y thuyét da duoc thyc hién nham giai
ma cac su kién vi mo trong pha tré. Cac mo hinh
dong hoc vi mo da dinh lugng thanh cong vai tro
cua qua trinh sinh mam so c?ip va sy khuéch dai
tu xuc tac thong qua sinh mam thir cap (Cohen 8.
I. A. et al. (2013)). V& mit tinh toan 1y thuyét, cac
phuong phap md phong nhu dong luc hoc phan tu
toan nguyén tur, mo hinh mau hat thé, va dong luc
hoc phén tir trao ddi ban sao dd cung cdp nhiing
hiéu biét sau sic vé vai trd cua twong tac ky nuéc,
lién két tinh dién, ciing nhu anh hudng ciia ham
lwong ciu trac AP trong trang thai monomer d6i
v6i toe d6 ngung tu (Li M. S. et al. (2010)).

Mic du cac mé hinh 1y thuyét trén da mang lai

nhiing manh ghép vi mé quan trong, nhung mot
buc tranh toan canh Ve su tlen trién lién tuc cua hé
thdng trong sudt pha tré van con bo ngo. Tro ngai
16n nhét 13 do “nghich 1y thang thoi gian” cua cac
cong cy mo6 phong (Labouze J. N. et al. (2015)).
Qua trinh h1nh thanh mam 13 mot sy kién hiém
mang tinh ngau nhién, thuong kéo dai tir hang
gid dén hang ngay trong moi trudng thuc nghiém.
Trong khi d6, do rao can vé chi phi dién toan, cac
md phong dong hoc phan tir hién tai thuong bi gioi
han ¢ thang thoi gian micro gidy (ps) dén mili giay

. Su chénh lé&ch khong lo nay khién cac mo h1nh
phuc tap chi co thé lay mau dugc nhiing lat cit ciu
hinh cuc b va roi rac, khong thé quan sat tron ven
quy dao dong luc hoc tir mot quﬁn thé monomer
hdn loan cho dén khi nhén téi han sup d6 va dinh
hinh.

Dé vuot qua rao can vé thang thoi gian va nim
bét cac nguyén 1y vat 1y théng ké cot 15i, trong
bai bdo nay, chung toi tiép can bai toan bang mo
hinh diém mang két hop v6i phuong phap mo
phong Monte Carlo. Bang cach luge bo cac bac
tu do khong thiét yéu & muc do nguyén tir, mo
hinh diém mang lam giam dang ké khdi lwong tinh
toan, cho phép ddy thang thoi gian mo phong 1én
giéi han vi mé. Cach tiép can nay cho phép theo
ddi duoc tryc tiép su canh tranh giita entropy cia
chudi cau hinh tu do va enthalpy cia cac tuong
tac ky nudc/ua nudc. Tu do, nghién ctu ky vong
tim ra céc nguyén ly dong hoc thuc sy chi phdi va
dinh hinh d6 dai cua pha tré trong qua trinh tao
mam Ap.

2. VAT LIEU VA PHUONG PHAP
2.1. Vit liéu
Trong bai bao nay, ching t61 4p dung mé hinh

'Khoa Khoa hoc Ty nhién va Cong nghé, Truong Dai hoc Tdy Nguyén;,
Tac gia lién hé: Phung Nguyén Thai Hang, Email: pnthang@ttn.edu.vn.
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diém mang trén khong gian ludi roi rac do N. T. Co
phat trién (N.T. Co et al. (2012), N.T. Co (2022)).
Theo @6, mdi don chudi polypeptide dugc anh xa
thanh mot chudi gom 8 hat (bead), v6i mdi bead
dai dién cho mdt amino acid dac trung. Trinh tu
tuyén tinh ctia chudi duoc thiét 1ap 1a +HHPPHH—;
trong do, cac ky hi¢u + va — tuong Gng vai céc hat
mang dién tich duong va am, con H va P lan luot
dac trung cho cac hat mang tinh ky nudc va ua
nude. Dé dam bao tinh toan ven hinh hoc cua ciu
triic, hai bead lién ké ludn duge ndi v6i nhau béing
mot lién két peptide, duy tri khoang cach ¢ dinh
bang 1 don vi mang ludi.

Hé thng duoc dat trong mot hop md phong

hinh 1ap phuong, noi kich thudc cuia hop dugce xac
dinh bz"mg $6 lugng bead doc theo mdi canh. Trong
qua trinh tién hoa dong luc hoc, cac bead chi dugc
phép dich chuyén dén cac nat mang lan cdn con
tréng dé dam bao nguyén 1y thé tich loai trir. V&
mat nhiét dong luc hoc, trang thai cua hé dugc chi
phéi boi cac twong tac phi lién két xay ra gitra cac
bead khong lién k& nhung chiém giit cac vi tri 1an
can trong khong gian ludi.

Ham ning luong toan phan cua hé thong duoc
tinh toan dua trén tong ning luong tuong tac giita
tat ca cac hat trong hop mo phong, duoc mo ta qua
phuong trinh (1):

N A N M
E= 2 Eﬂfi)ﬂﬁ_ﬁﬁ'rﬁ)’“ ZZ e (r-a)(1)

==

Voi la khoang céch gitra bead thtr va thu ; 1a
khoang cach giita hai bead lién tiép; biéu thi cho
bead thtr trong chudi polypeptide thi ; 5(0)=1,
bang 0 trong cac trudng hop khac. S§ hang thir
nhat va thir hai ciia biéu thire (1) 1an luot biéu dién

me=l B

tuong tac gitta cac bead trong cung mot chudi
polypeptide va giita cac bead & cac chudi polypep-
tide khac nhau. Bang gia tri nang luong cia tung
loai twong tac khac nhau giita hai bead duogc thé
hién & bang 1.

Bang 1. Bang gia tri ning lugng tuwong tac giira cac bead khac nhau (don vi la — ning lugng lién
két hidro) (Li M. S. 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, hé théng dugc khéi tao béng
cach phan bb ngau nhién 20 chudi polypeptide vao
mot hop mé phong cé kich thuée ¢ dinh. Thoi
gian hinh thanh soi AP, ky hiéu 1a , dugc xac
dinh 1a khoang thoi gian tinh tir lac bat dau tha
céc chudi ngau nhién cho dén khi cdu trac soi A
dau tién xuét hién. Su tién hoa dong luc hoc cua
cac chudi tuan theo thuit toan Monte Carlo. Cu
thé, mdi chudi thiang giang cau hinh théng qua céac
phép dich chuyén toan cuc va dich chuyén cuc bo,
v6i ty 18 xac suat thyc hién tuong tng 1a 1:9. Mot
budc Monte Carlo (MCS) biéu dién mot chu trinh
lap hoan chinh bao gdm cac nd Iyc dich chuyén
nay, do d6 thang thoi gian duoc dinh lugng tryc
tiép thong qua sé budc MCS. Gidi han thoi gian
t6i da cho mdi tién trinh mo6 phong duoc thiét 1ap
& mirc MCS. Tai mdi diéu kién nhiét dong khao
sat, hé théng s€ thuc hién 12 quy dao Monte Carlo
hoan toan doc lap. Giad tri chinh la trung binh cdng
cta thoi gian ngung tu trich xuét tir 12 quy dao
ngau nhién do.

2.2. Phwong phdp
V& mit phuong phap ludn, bai bao nay két

hop chit ché giita hai phuong phap 1y thuyét
va mo phong. Tinh toan ¢t 16i dugc xay dung
dya trén mé hinh diém mang do N.T. Co phat
trién két hop véi thuat toan dong luc hoc Monte
Carlo (MC). Toan bd thuat toan mo phong qua
trinh ngung tu cua soi AR dugc chung t61 ma
héa biang ngdn ngit Fortran 90 va van hanh
trén hé thong siéu may tinh. Dit liéu tho thu
duoc sau d6 duoc xu ly thong qua cac bd ma do
chiing toi ty phat trién trén moi truong hé diéu
hanh Linux.
3. KET QUA VA THAO LUAN
3.1. Khao sat sw anh hwong ciia nhiét do lén thoi
gian ngung tu sgi protein

Nhim khao sat sy phu thudc cua thoi gian
ngung tu vao nhiét do T, hé théng duoc khoi tao
ngau nhién véi 20 chudi polypeptide bén trong
mot hop khong gian ¢ dinh. Ching toi tién hanh
tinh chinh ddc 1ap nhiét d6 mo phdng sao cho ti )
T/T, lan luot quét qua cac gia tri: 0,51; 0,52; 0,53;
0,54; 0,55; 0,56; 0,57 va 0,58; trong do T, 1a nhiét
dd cudn gap dic trung cua protein.
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Théi gian ngung ty 7 (x10* MCS)

0.51

0,52

0,53

I | 1
054 055 056
Ti sb nhigt 4§ T/T,

0,57

1

0,58

Hinh 1. D thj biéu dién sy phu thugc ciia thoi
gian ngung tu vao T/T .

Tir hinh 1 (v6i cac thanh sai sé mau xanh biéu
thi do thing giang thong ké tir 12 quy dao mo phong
ddc 1ap), quan sat théy su phu thudc cta thoi gian
ngung tu vao nhiét do0 mang dang duong cong chit
U dic trung. Cu thé, & ving nhiét do thap (), thoi
gian ¢6 xu hudéng giam dan khi nhiét d¢ tang. Tuy
nhién, khi vuot qua ngudng nay (0,55< 0,58), qua
trinh ngung tu bi cham lai khién gia tang. Tc do
tao mam dat cuc dai, twong tng véi thoi gian cham
ngudng cuc tiéu, tai diém nhiét do = 0,55.

Tir nhitng két qua trén, ching t6i quyét dinh ¢
dinh hé thdng tai diém nhiét do t6i wu = 0,55 (noi
dat cyc tiéu) dé tién hanh cac khao sat chuyén sau
tiép theo. Viéc thiét 1ap hé thong tai diém cuyc tiéu
dong hoc nay la mot chién luge quan trong nham
t61 wu hoa tai nguyén dién toan, dam bao qua trinh
mo phong khong kéo dai qua mic gidi han phan
clmg, song van thu thap dugc tron ven dir liéu can
thiét vé co ché chuyén pha cta protein.

3.2. Khdo sdt sw dnh hwéng ciia nong dé protein
lén thoi gian ngung tu sgi

Théi gian ngung tu 7 (x10*MCS)

L !
0,004 0,006 0,008 A(LDI 0,012 0,014 0,016 0,018 0,02
Nong di protein (mM)

| L 1 i
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Hinh 2. D thi biéu dién sy phu thudc ciia thoi
gian ngung tu T vao nong dd protein.

Tai diéu kién nhiét do = 0,55, chang t6i khao
sat anh huong ciia ndng do protein 1én dong hoc
ngung tu. Nong d6 hé thong duoc diéu chinh thong
qua viéc thay doi kich thudc canh hop mo phong
(nhan cac gia tri 20, 25, 30, 35, 40, 45, 50 va 55
don vi mang), twong ng v&i ndng do C(mM)
duoc xac dinh qua biéu thic (2):

5 e () (2)
& tich hip mé phéne

Theo do, dai néng do protein khao sat lan luogt
dat cac gia tri 0,02;0,0128; 0,0089; 0,0065; 0,005;
0,004; 0,0032; 0,0026 (mM).

Tir hinh 2 cho thay sy phu thudc nghich bién rd
rét giita thoi gian ngung tu 7 va ndng do protein.
Tai cac ngudng ndng do cuc lodng (0,0032 va
0,0026 mM), qué trinh tao sgi khong thé dat trang
thai hoan tat trong gidi han md phong ban dau.
Nguoc lai, ¢ dai n(‘A)ng d6 cao hon (tir 0,0040 dén
0,0200 mM), h¢ thong déu héi tu vé trang thai soi
amyloid voi MCS.

V& mit co ché vi md, qua trinh tao soi bét dau khi
cac cudn ngau nhién tw ti cAu tric thanh cac dang don
phan c6 xu huéng ngung tu, sau do ching khuéch tan
va lién két thanh oligomer. O nong do loang, quang
duorng ti do trung binh giita cac phan tir rit 16n. Tan
sudt va cham hiéu dung suy giam khién cac chudi
don phan mét nhiéu thoi gian khuéch tan hon dé gap
& va vuot qua rao can niang lugng tao mam. Do do,
mat d6 khong gian cang thua thét, hé théng cang bi
tri hodn va thoi gian tat yéu s& ting vot.

Nong d6 protein=

3.3. Khdo sat giai doan pha tré ciia qud trinh
nguwng tu sgi protein

Dé giai ma cac dic tinh vi md ctia pha tré, diéu
kién tién quyét 1a phai tai hién dugc dudng cong
dong hoc hinh chir S thong qua viéc giam sat su
phat trién kich thude cia cum oligomer cuc dai
theo thoi gian. Nham t6i wu hoa tai nguyén dién
toan, dir liéu vé kich thudc oligomer 16n nhat
khong dugc ghi nhan lién tuc ma duoc trich xut
dinh ky sau mdi (MCS).
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Hinh 3. Puwong dic trung ciia qua trinh ngung tu s¢i protein ¢ nong df protein 1a 0,02 ng voi
12 quy dao MC khac nhau

Duva trén hinh 3, tai murc néng do6 cao (0,02
mM), dudong dong hoc ngung tu khong thé hién rd
dang diéu chir S déc trung. Nguyén nhan 1a do mat
d6 phan ttr 16n 1am tang dot bién x4c suét tuong tac
tao hat nhan chuyén pha, khién su ngung tu dién ra
chdp nhoéng Hé qua la pha tré bi rat ngan dang ké
va co the da Vuot qua ngu'(mg phan g1a1 thorl gian

ghi nhan ctia mo6 phong. Nham kiém tra kha ning
luwu vét pha tré tai diéu kién nay, ching t6i tai dyng
duong cong sinh trudng tor 12 quy dao MC ddc
1ap, nhung chi phéng to dd thi vao khoang MCS
d4u tién cta qua trinh tinh toan. Chi tiét két qua
duoc minh hoa tai hinh 4.
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Hinh 4. Puong dic trung ciia qua trinh ngung tu soi protein ¢ ndng dd protein 1 0,02 ng véi
12 quy dao MC khac nhau vao giai doan diu ciia qua trinh md phéng ( MCS).

Két qua tur hinh 4, x4c nhén su Véng mat cua hoc tuong ung tai cdc mirc néng do con lai duoc
duong cong chir S; giai doan tré chi xut hién ngan minh hoa chi tiét qua cac quy dao MC doc lap tir
ngui trong khoang 300~700 MCS véi thoi gian tré  hinh 5 dén hinh 13.
trung binh tinh dugc 1a MCS. Cac dién bién dong

P — : : = , -

= 20 { = 20 <2

A TRl LT r"w'r'r'wl B g | g TR T T

-g,l(.F o A -;u.'r e W -g,m " ' ' " | i

in l}; g ERE:

H : H H‘ﬂ'*ﬁ‘rﬂ

= 8 Z 8 Ik

1 ourdgo ! || B 4 o2 || § 4 O dao 3

) " ' ' 2 0\ : é 0

] 24 6 8 12 14 16 IR ¥ 2 4 6 K 10 12 4 16 18 z 2 04 6 8 10 12 14 16 I8
Thoi gian md phong (310" MCS) Thoi gian md phong (x10"MCS) ‘Thivi gian md phang (x10"MCS)

5 & m 5 ; , : =5

gto, !wu .“w ] qwuw TR LTI ; N‘,-mn’ﬂw”rm‘mul’l LU ; TW" T T T T o

& "‘F r 2 ) -0 :

L ‘ hod b

8 -} g2

§ H H

8 g ¥ g

§ £ I &

4 (updand || 3 4 Unfdeo5|[| 3 4 i dao 6

£ . g : : o g ‘ _—

24 6 K 10 12 1 16 IR || 2 204 R 8 10 12 14 16 I8 |[2 204 A 8 10 12 14 16 I8

Thiri gian md phang (x10V MCS) Thivi gian md phiang (x1* MCS) ‘Thivi gian md phéng (<I0* MCS)

47



Tap 20 ¢ S6 3-2026, Tap chi Khoa hoc Tay Nguyén

gy —— |y ) ‘
i [V gy |1|||Fm"u"m H £ 0 E I II“"IF l‘li '-,'M

o S PP

& . _5. ] luLx#“x.lﬂﬁ“lphumukhJﬁmf‘ilh &

4 3 8 5 ¥

g 4 (i dan 7 E 4 Qi dun & E 4| O deo 7

= = =

i ¥ : o o Lol e e 20 iy

204 6 K 10 12 116 IR || # 2 4 6 8 10 12 14 16 18 || < 24 6 K 1D 12 14 16 I8

Thivi gian md phdng (x 10" MCS) Thoi gian mi phong (x10* MCS) 1hovi gian md phong (x10° MCS)

3 . 1 11 R 1l [ 3 20 "8 I lr N | . ;IIIIIVII 3 20

A L Tk T [P |

5 |(i, 5 16 | - -g_ 16 .

g 212 g2

g g 4l g | |

& . H JIJ-,#M,J-] H g »wpum 1bs|ul vk uﬂpl#qd‘ I

H : :

g 1 up daa 10 H 4 Qg dgn 1 - .E 4 Quit dor 12 .

20 20 : & o : :

¥ 109 6 8 1) 12 14 16 18 |4 204 6 8 10 12 14 16 1y |4 204 6 & 10 12 14 16 18
Thivi gian mi phong (x105 MCS) Thii gizn md phong (x10* VICS) Thii gian md phing (x10* VICS)

Hinh 5. Pwong dic trung ciia qua trinh ngung tu s¢i protein é ndng dd protein 13 0,0128 @ng
véi 12 quy dao MC khac nhau.

Dua trén két qua tr hinh 5 dén hinh 7, tai céc truong hop néng d6 0,02 mM. Cu thé, tai n@)ng do
n6ng do tuong ddi cao (0,0128 mM va 0,0089 0,0128 mM, giai doan tré kéo dai trong khoang
mM), duong cong dong hoc van chua thé hién 1000-3000 MCS véi thoi gian tré trung binh 14
16 dang diéu hinh chit S trén toan thoi gian mé MCS. Tai nong do 0,0089 mM, dang diéu chit S
phong do téc dd ngung tu qua nhanh. Tuy nhién, bat ddu duoc ghi nhan & mot vai quy dao don 1é
khi quan sat chi tiét giai doan du (hinh 6 va hinh  véi thoi gian tré trung binh 14 MCS.
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Hinh 7. Puong dic trung ciia qua trinh ngung tu soi protein & nong dé 1a 0,0089
ung voi 12 quy dao MC khac nhau.
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Hinh 8. Puong dic trung ciia qua trinh ngung tu sei ¢ ndng dd 13 0,0089 vao giai doan diu cia

Khi tiép tuc giam ndng do xubng mic trung
binh (0,0065 mM va 0,005 mM), duong cong
dong hoc chit S xuat hién phd bién hon trén hau
hét cac quy dao MC (hinh 9 va 10). Tai néng do

qua trinh mo6 phéng ( MCS).

0,0065 mM, du pha tré di kéo dai hon ( MCS)

nhung van chua du do tré can thiét cho cac khao
sat cau trac chi tiét. Nguoc lai, tai 0,005 mM, hé
théng boc 10 10 rét dac tinh chuyén pha véi thoi
gian tré trung binh dat gi4 tri a4 MCS.
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Hinh 9. Pudng dic tru’ng ciia qua trinh ngung tu sgi protein & nong do la 0,0065 "mM" .
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Hinh 10. Puong dic trung ciia qua trinh ngung tu s¢i protein ¢ nong d 1a 0,005

O dai ndng d9 thap (tir 0,004 mM dén 0,0026 giai doan nay hodc tham chi khong xuat hién ddu
mM), dong hoc hé thdng trd nén cham dang ké hiéu tao mam. Pidu nay khing dinh ring ¢ ndng
(hinh 11 dén hinh 13). Tai 0,004 mM, chi 5 trén d9 cuc lodng, rao can entropy khién viéc hinh
12 quy dao hoan thanh pha tré trong gi¢i han thdi  thanh hat nhan t6i han doi hoi tai nguyén dién
gian thiét 1ap; trong khi tai 0,0032 mM va 0,0026 toan va thoi gian mo phong vuot xa ngudng MCS
mM, hau hét cac quy dao déu khong thé két thiic  ban dau.
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Hinh 11. Pwong diic trung ciia qua trinh ngung tu sei protein é ndng dd 1 0,004 "'mM"
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Hinh 12. Pwong dac trung cia qua trinh ngung tu s¢i protein

¢ nong do 12 0,0032 "mM"

?20 é30 :910
é‘ QuF da | % ap % Ouf dao 3
516 Bl B16 :
- e
En in §n
£ &
z 8 % 8 T8
g g
L | X
i, L —— | |
= = » =
Z 0 R o : A : vt
z 204 6 8 W 12 14 16 18 |[2 T4 6 X 10 12 14 16 18 || ¥ 2 4 6 K 10 12 14 16 %
Thivi gian md phang (x11°MCS) I'hiri gian mi phang (x10° NICS) Thiri giun mi phing (\108MCS)
3 = &
5 20 . IS 20 o0
E Oupdond || & Oupdeos ||| & Ouj dao 6
B 16 B16- 316
- =3 123
g2 {ERE £l
3 S )
K S T
= o v
£ AP IRRETRRTRTY | O
H el T ey
5 0 g0 S 0 ‘
2 24 6 8 10 12 14 16 I8 || ¥ 2 4 6 8 10 12 14 16 18 || 2 2 4 6 8 10 12 14 16 18
Thii giun mé phong (x10* MCS) "Thoi gian mé phing (x108 MCS) Théi gian md phong (x108 MCS)

53




Tap 20 » S6 3-2026, Tap chi Khoa hoc Tay Nguyén

F 3 =
A 22 R
5 Qupdan 7 || 5 Onif doa 8 E Onft daw ¥
16 16 = 1h
i r
g n & H
z B J
3 34 2h
& 2 P
= [
£y : - i) ¢ el Ul
Zo : o0 , £
2 2 4 6 K 10 12 14 16 18 ||[& 2 4 6 o121 16 W |2 21 6 8 m 17 M 168
Thivi ging md phong (x10° MCS) ‘Thiri glan mb phong (10" MCS) ‘Théi gian md phong (x10" MCS)
'g:n ;i.‘,n ‘._%30'
£ Owrden 10 ||| B Ouiddoo ti || B Ouitau 12
‘516 =16 =16
= v -
£ 12 gn g1
& B E
s N = 8 z R
¥ f!: &
= 4 - g .
~ ' 7]
§”:~4ss10.2141nlsi°_4e T a6 W2 205 6 5 o2t I8
Thisi gian mi phing (100 MCS) Thii ginn mi phong (v10" MCS) Thifi s cod phong (A10° MCS)

Hinh 13. Pudng dic trung ciia qua trinh ngung tu s¢i protein & nong dé 1a 0,0026 .

Tiép theo, chung toi sir dung cac gia tri vé thoi
gian tré trung binh di tinh toan duoc & cac ndng do
protein khac nhau & trén. Do dai thoi gian tré bién
doi trong giai do kha 16n (tr MCS dén ) nén dé
thuan tién trong viéc khao sat su thay ddi cua thoi
gian tré vao ndng do protein, ching t6i biéu dién
su phu thudc cua logarit népe cua thoi gian tré vao
ndng do cua protein va két qua thé hién & hinh 14.

Duya trén cac gia tri thoi gian tré trung binh da
duge xac dinh cu thé tai tung ngudng néng do
protein trong cac khao sat & trén, chung toi tién hanh
phén tich sy twong quan gitra hai dai luong nay. Tuy
nhién, do dai gi4 tri ctia thoi gian tré bién thién trong
mot khoang cuc ky rong (dao dong manh tr MCS
dén ), viéc biéu dién truc tiép trén thang do tuyén tinh
s gay kho khan cho viéc quan sat quy luat dong hoc.
Do d6, nhdm muc dich chuan héa dit liéu va thuan
tién trong viéc danh gia sy phu thude cua thoi glan
tré vao nong do protein, ching t6i quyét dinh biéu
dién sy bién thién cta logarit ty nhién cua thoi gian
tr& theo ham nong do. Két qua chi tiét ciia phép bién
d6i thang do nay duoc trinh bay cu thé ¢ hinh 14.

Ln T, ,(x10° MCS)

6 . 1 ooy sy by s 1
0.004 0,008 0,012 0.016

Nong d¢ protein (mM)

0,02

Hinh 14. Sy phu thugc cia logarit népe thoi
gian tre vao nong dg protein.

Tir hinh 14, ching t6i nhan thiy thoi gian tré
bién thién nghich bién véi ndng do protein. Co ché
nay c6 thé duoc giai thich nhu sau: hé thong gom
20 chu5i polypeptide khoi tao ¢ trang thai cdu hinh
ngau nhién, doi hoi sy vuot mirc nang lugng tu do
de ting chudi don lé tai céu trac vé dang monomer
tién soi. Khi ting nong do hé thong (giit nguyén sb
chudi 13 20 va thu hep thé tich hop mo phong), mat
d6 khong gian ctia cac phan tir ting dang ké. Piéu
nay lam gia tang x4c suét va cham hiéu dung va kha
nang tuong tic gitta cac chudi dé hinh thanh nhan
ngung tu trong giai doan som, dan dén vige rat
ngén thoi gian dién ra ctia pha tré mot cach tat yéu.

Téng hop céac két qua phén tich trén, chung toi
xac dinh ndng do protein tdi uu cho mo hinh gém
20 chudi polypeptide ngung tu 1a 0,005 mM. Tai
ngudng nong do nay, thoi gian pha tré duy tri du lau
dé hé théng md phong c6 thé trich xuét va ghi nhan
khéi lwong dit lidu vi mé phong phu, phuc vu hiéu
qué cho cac khao sat chuyén sau vé dong luc hoc
ngung tu sau nay. Bén canh do, day cling 1a gia tri
nong do 1y tuong khi hau hét cac quy dao MC déu
tai hién rd nét dudng cong dong hoc dang chit S dac
trung, dam bao tinh thong ké va do tin ciy cho cac
phan tich vé qué trinh chuyén pha cua protein.

4. KET LUAN

Bai bao da xac dinh dugc su phu thudc cia
qua trinh ngung tu protein vao nhiét d6 thong qua
dudng cong dang chit U dic trung, voi diém tdi
uu dong hoc dugce thiét lap tai =0,55. Két qua mod
phong cho thiy thoi gian tré bién thién nghich bién
v6i ndng do protein. Li do dugc giai thich bang su
gia tdng xac suat va cham hiéu dung va kha ning
hinh thanh nhan ngung tu khi mat d¢ khong gian
tang cao. Thong qua viéc phan tich cac duong cong
dong hoc chir S, nghién ctru khfmg dinh réng tai
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nong do cuc lodng, rao can entropy khién pha tré
bi kéo dai v6 han, trong khi & ndng do qua cao, qua
trinh ngung tu dién ra chép nhoang giy kho khin
cho viéc quan sat vi mo. Cudi cing, gia tri ndng
d6 0,005 mM da duogc lya chon lam thong sb tbi
ru nham dam bao sy can bang giira o phan giai
dit liéu vé pha tré va tinh 6n dinh thong ké cho cac
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trong qud trinh tinh todn mé phong va phdt trién mé
hinh cua PhD. N.T. Co — Institute of Fundamental
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khao sat chuyén sau vé co ché chuyén pha sau nay.
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INVESTIGATION OF THE LAG PHASE IN AMYLOID-BETA AGGREGATION
USING A LATTICE MODEL
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ABSTRACT

This study employs a lattice model combined with Monte Carlo simulations to overcome the com-
putational time-scale bottleneck, enabling a comprehensive observation of lag phase dynamics under
macro-conditions. Our results demonstrate that the temperature dependence of aggregation time follows
a characteristic U-shaped curve, identifying an optimal temperature range that maximizes the nucleation
rate. Investigations into concentration variations confirm an inverse correlation with the lag time, which
is attributed to the increased effective collision probability and enhanced nucleation capacity as spatial
density rises. Notably, the successful reproduction of sigmoid kinetic curves allows for the identifica-
tion of an ideal concentration threshold that maintains a sufficiently long lag phase for detailed micro-
analysis.

Keywords: amyloid beta, lag phase, the aggregation of fibril, lattice model, Monte Carlo.
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