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TOM TAT

Protein la dai phan tur sinh hoc quan trong cau thanh nén hé théng séng. DE thuc hién chic nang,
cac protein khéng chi hoat déng dédc lap ma con hinh thanh mét mang Iugi chat ché thong qua
tuong tac protein-protein (protein-protein interactions — PPIs), yéu t& mang tinh quyét dinh déi vai
hau hét cac qua trinh sinh hoc trong ca thé sinh vat. Tuy nhién, qua trinh nghién cdiu gap nhiéu tré
ngai dén tl sy thiéu hut cau tric thuc nghiém clia phiic hgp hodc clia cac protein tham gia vao su
tuong tac. V&i su hd trg manh mé clia cac cong cu tin sinh hoc, cac phuong phap va thuat toén du
dodn tuong tac protein ndi lén nhu mot giai phap tiém nang dé giai quyét nhiing kho khan trén.
Trong s6 cac phuong phap du doan cau tric tuong tac protein-protein in silico, docking phan tl
(molecular docking) va mé phdng dong luc hoc phan t& (molecular dynamics imulation — MDs) la
hai phuang phap dugc st dung phd bién bai khd nang mé hinh héa cdu tric va méd phong xap xi
qua trinh sinh hoc, pht hgp véi trang thai tu nhién clia hé trong thuc té. Viéc ting dung nhing tién
b6 tin sinh hoc nay da gilp rdt ngan thai gian, cong suc thuc hién va kinh phi nghién ctu cho cac
nha khoa hoc. Bai téng quan nay cung cap thong tin vé phuong phép du doén cau tric phic hop
protein-protein in silico, dac biét la phuang phap md phdng dong luc hoc phan tl, tap trung vao
khia canh truong luc, cac géi chuong méd phong dang dugc st dung réng rai va Ung dung trong
nghién clu phéat trién thudc.

Tu khoa: docking phan tl, dy doan tuong tac protein, mé phéng dong luc hoc phan t, TBM,

TFM, tin sinh hoc

MG DAU

Protein la dai phan ti sinh hoc quan trong, dong vai
tro kién tao nén hé thong séng. Cac bdo cdo chira
rang hon 80% protein khong hoat dong don 1é ma
thuong tuong tic véi cac phan ti khdc nhu DNA,

¢ RNA hodc protein d€ thuc hién céc chiic ning chuyén
7 biét trong t€ bao'. Thuit ngii “tuong tac protein”

mo ta sy tiép xic vat ly gifia protein va déi tac tuong
tac, dong thoi mo ta cic tuong tic cta chung khi
thuc hién chic ning?. Viéc x4c dinh cic tuong tac
gilia protein-protein (protein-protein interactions —
PPIs) 1a vo cling quan trong trong viéc dao sau vao
nhiing co ché cta sinh hoc té€ bao, kham pha va thiét
ké cac phuong phép tri liéu méi, ky thuat protein va
nghién ctiu d6t bién gen . Mot s6 phuong phap thuc
nghiém hiéu ning cao nhu hé théng lai d6i ¢ ndm
men (Yeast two-hybrid - Y2H), dong tta mién dich
(co-immunoprecipitation - co-IP), phuong phap khéi
phdi xac dinh phtic hgp protein (Mass spectrometric
protein complex identification - MS-PCI) da va dang
dugc st dung dé€ phat hién tuong tac gitia cdc pro-
tein*%. Cac phuong phap nay déng gép nhiéu vao
bo dit liéu PPI & nhiéu loai nhung lai t6n kém, mat
nhiéu thoi gian va cong stic. Ngoai ra, sy anh hudng

bdi yéu t6 ngoai canh ctia di€u kién thi nghiém cling
lam ting ty1é duong tinh va 4m tinh gia”. Tit d6, bing
cach két hop nhiing thong tin ¢ dugce tii thuc nghiém
va sy ho trg ctia sinh hoc tinh todn, cc két qua tuong
tac protein-protein hay tuong téc phdi tti-thu thé ngay
cang c6 sy chinh xdc va chat lugng t6t hon 8,

Ciu tric protein don 1é hay phtic hgp protein-protein
da dem lai nhiéu thong tin va cung cép kién thuc vé
qua trinh hoat dong ctia phan ti. Tuy vay, trong thuc
té, protein luén chuyén dong va chic nang sinh hoc
ciing nhu tuong tac protein-phoi tit phu thudc hoan
toan vao sy linh dong clia cac phan td thanh phan.
Dé theo doi duge dong hoc cua protein, cic phuong
phap thuc nghiém da dugc 4p dung va nidm bit dugc
chuyén dong ctia protein ¢ muc tii femto gidy t6i nano
resolution X-ray crystallography), cong hudng tii hat
nhan siéu nhanh (ultra fast NMR), kinh hién vi luc
nguyén tt (atomic force microscopy - AFM) hay phd
huynh quang (fluorescence spectroscopy). Tuong tu
v6i qua trinh xdc dinh tuong tac protein, cac phuong
phédp néu trén ciing gay khé khan cho cdc nha nghién
ctiu vi doi hoi nhiéu thiét bi tién tién hay ki thuat c6 do
khé cao dé theo ddi dugc dong hoc ctia protein 7. Mo

Trich dan bai bao nay: Thudng NV M, Ta L C, Thién D T, Hiéu T V. Mé hinh héa c4u tric va mé phéng
dong luc hoc phan tif trong nghién ctiu tuong tac protein-protein . Sci. Tech. Dev. J. - Nat. Sci. 2025;

():1-10.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

M

%2

43

44

45

46

47

48



Tap chi Phdt trién Khoa hoc va Céng nghé - Natural Sciences 2025, ():1-10

49

5

S

5

52

53

54

5!

&

56

57

5

&

59

6

=3

6

6.

o

6.

&

6:

by

6!

a

6

o

6

S

6

3

6!

©

7

=]

7

7.

N

73

7

N

7!

a

7

o

7

N

7i

®

7

©

80

8

82

8.

@

8:

b

8

&

8

o

8

N

8

&

8

©

9

S

9

9.

~

9.

@

9

R

9

v

9

o

9

N

9

-3

phong dong luc hoc phén ti (Molecular dynamic sim-
ulations - MDs) du doan chuyén dong ctia cac nguyén
tl trong protein theo thdi gian dya trén mo hinh vét
1y md ta cac luc téc dong lén ching '°. Cac md phong
nay c6 thé dua cho ching ta nhiing géc nhin méi vé
cdc qud trinh sinh hoc quan trong nhu thay d6i ciu
trang, tuong tac phdi ti hay gdp cuén protein. Vi thé,
MDs dang ngay cang dugc st dung rong rai két hop
cung véi cic phuong phdp thuc nghiém nhim quan
sat dugc chuyén dong véi thoi gian dai va chinh xac
hon.

Bai téng quan nay dugc thuc hién v6i muc tiéu gisi
thiéu vé€ cdc phuong phiap du dodn ciu truc tuong
tac protein-protein in silico, ddc biét 1a phuong phap
md phong dong luc hoc phén ti, tip trung vao khia
canh trudng luc, cac goi chuong moé phong dang duge
st dung rong rai va ting dung trong nghién ctiu phat
trién thudc.

MO HINH HOA CAU TRUC TUONG
TAC PROTEIN-PROTEIN

Tuong tac protein-protein gili chlic ning quan trong
trong hdu hét cac hoat dong sinh hoc ctia té€ bao, bao
gom dan truyén tin hiéu, sy di chuyén cua t&€ bao,
nhan dién khang nguyén va tiéu diét cac tic nhan
xam nhiém. Tuy di cé nhiing cai tién vé€ sinh hoc
phén ti ciing nhu hé gen hoc (genomics), chtic nang
clia phén 16n protein van chua dugc biét r6'!. Theo
Jansen, su tuong tac gitia nhiing protein da biét hay
chua biét chic ning c6 thé dong gop hiéu qua vao
viéc giai ma nhiing bi 4n nay '2. Hién nay, hai phuong
phép dugc phét trién va st dung cho viéc xay dung
mo hinh ciu tric tuong téc protein-protein la dock-
ing phan td (molecular docking), hay m6 hinh héa
khong khuén mau (template-free modeling - TFM),
va mo6 hinh hoa dya trén khuén mau (template-based
modeling - TBM) (Hinh 1).

Mé hinh héa cau truc tuong tac khéng
khudén mau hay Docking phan ti

Trong md hinh héa ciu tric khong khuén mau
(template-free modeling - TFM), hay docking phan
tt (molecular docking), phtic hgp cu tric tuong tac
dugc xay dung bing cdch lap rdp cdc cdu tric da biét
clia cdc phén ti tuong tac, dugc tim thdy hodc dy
dodn & dang protein don, thong qua cach tim kiém hé
théng va lya chon cac hudng gan khac nhau. Phuong
phép nay dua trén su phit hgp vé€ déc tinh 1i hod va
tinh b3 sung hinh hoc & bé mit ctia phiic hop '*. Bé
mit phan tt c6 thé dugc mo ta theo dién tich bé mit
c6 thé tiép can véi dung moi va mo ta theo bé mit
tiép xuic v6i phan td muc tiéu cta né. Tinh bé sung

gitia hai bé mit phan ti dugc danh gia dua trén sy
phu hgp vé hinh dang, hé trg bang viéc xdc dinh cac
ranh hodc h6c b6 sung trén bé mit phan ti ciia nhiing
muc tiéu cho qua trinh docking '4~1°. Céch tiép cin
nay hiéu qua véi phiic hgp c6 bé mit bd sung nhau
mot cach r6 rang véi dién tich bé mat 16n (>1400 A?%)
va ¢6 uu thé vé tinh ky nuéc!”. Phuong phép nay
md phong tdt phin 16n cac cdu truc phiic hgp; tuy
nhién, sy han ché trong cac thuét toan ldy mau (sam-
pling) khong gian c6 thé tao ra nhiing két qua duong
tinh gia c6 tinh b sung bé mit t6t nhung lai khac
xa vOi ciu truc ty nhién va phu thudc vao do chinh
xdc ctia ham chim diém '*-18, C4c phuong phép tim
kiém cho docking protein-protein c6 thé dugc phan
thanh ba hudng ti€p cdn bao gém: tim kiém toan dién
téng thé (exhaustive global search), tuong thich hinh
dang vi tri cuc b (local shape feature matching) va
tim kiém ngau nhién (randomized search). Trong khi
d6, cac thuat toan ldy mau tién tién hon so v6i docking
phan tti nho 1a m6 hinh héa bing mang ClustENM két
hgp HADDOCK, 14y mau Monte Carlo ning cao, hay
phuong phap Aether dang ngay cang dugc st dung
rong rii '°-?2, ClusPro va HADDOCK 4 hai trong s6
nhiing sever docking thutng dugc st dung.

- ClusPro (https://cluspro.bu.edu/login.php?redir=/ho
me.ph) du doan phtic hgp protein-protein dya trén
phuong phap docking than cting (rigid docking)?’.
Qua trinh docking gom ba budc bao gom: (1) Phoéi
tt dugc docking ciing v6i thu thé trong 70000 budc
xoay; (2) Trong 70000 budc xoay d6, chon ra 1000 t6
hop tinh tién/xoay c6 diém thip nhit; (3) Mot nghin
t6 hop d6 dugc phin cum véi ban kinh RMSD < 9
A, nghia 1a vi trf phéi tif ¢ nhiéu lan can (neighbor)
trong ban kinh 9 A dugc chon va tré thanh trung tim
cum (centroid). ClusPro cho rakét qua dugc xép hang
theo diém t6ng s6 ning lugng thip nhat dugc tinh dya
trén ham nédng lugng c6 sén va do 16n cta cum ciu
trang; trong do, cdu truc trung tdm dugc chon lam
dai dién cho tling cum cdu trang. ClusPro cho phép
ngudi dung tuy chinh gi6i han tim kiém dé tra két qua
theo s6 lugng mong muén %,

- HADDOCK (High ambiguity driven protein-
protein docking) (https://www.bonvinlab.org/softwar
e/) 1a cong cu docking linh hoat (flexible docking)
nhiéu loai dai phan tii tli protein dén glycan?®. HAD-
DOCK hoat dong theo quy trinh: (1) Docking thin
cting cdc tiéu phin moét cach ngiu nhién vao cac
khoéng gian vo6i khoang cich tuong doi va t6i thiéu
néang lugng dé€ tao phiic hop; (2) Docking ban linh
hoat va tinh chinh cic cau truc c6 s6 diém cao; (3)
Docking linh hoat thuc hién viéc mé phong dong luc
hoc phén ttt cdc mo hinh ti budce trude. Céach xay
dyng mo6 hinh cia HADDOCK 1a tich hgp tong thé
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céc thong tin sinh héa, tin sinh hoc va thong tin ciu
trtic lign quan?®. HADDOCK la mét trong nhiing
cong cu docking ddu tién 4p dung dén gidi han tuong
tac khong r6 rang (ambiguous interaction restraints
- AIR). Thong qua céc thong tin thuc nghiém c6 san
nhu dich chuyén héa hoc NMR, dét bién, HDX, cac
amino acid tham gia vao tuong tac sé dugc chon va
tit d6 c6 thé x4y dung phuc hgp tuong tdc mot cach
chinh xac hon.

Mé hinh héa ciu tric tuong tac dua trén
khuén mau

Trong phuong phép hinh hoéa duya trén khuén méu
(template-based modeling - TBM), phtic hgp cdu tric
tuong tic dugc xay dung bang dya trén cdu tric phic
hgp khudén mau da duge xac dinh tii co s di liéu.
Phuong phdp nay da dugc dung d€ du doan céu truc
bac bon ctia protein chudi don dua trén nguyén tic
su tuong dong trinh ty c6 thé dan dén tuong dong vé
cdu tric?’. Cac bubc thyc hién t8ng quéat nhu sau:
(1) Tim kiém mot hodc nhiéu khuén mau phu hop;
(2) Sap giong cot trinh ty muc tiéu véi trinh ty khuon
mau; (3) Xay dung mo hinh ban déu cho cdu truc truy
van bang cach git nguyén cac phin doan ciu tric tu
céc ving sdp giong cot ctia khudn mau; (4) Thay thé
cac chudi bén phu hgp véi trinh tu truy vén; (5) Xay
dung cac ving loop va viing két thuc chudi; (6) Tinh
chinh mo6 hinh dé thu dugc toan bd cau tric. Du TBM
da thé hién dugc mot s tién bo so véi TFM, phuong
phép nay van ton tai nhiing han ché néi bat nhu do
chinh xdc cia mé hinh sé gidm néu d) tuong dong ctia
trinh ty muc tiéu va trinh ty khuén mau thip hon 40%
ciing nhu thiéu phuong phép tinh chinh phtic hgp
protein 28-3°, Hai trong nhiing cong cu dugc st dung
dé€ dy doan PPI theo phuong phap TBM la SWISS-
MODEL va AlphaFold2.

- SWISS-MODEL (https://swissmodel.expasy.org) 1a
cong cu mo6 phong tu dong tién phong trong qua
trinh x4y dyng mo6 hinh 3D cua protein tit nam 1993
cho dén nay®'. Cdu tric phtic hgp protein-protein
thong qua thuét toan mdy hoc (machine learning) cé
gidm sat support vector Machines (SVM), két hgp béi
nhiing thong tin vé ving tuong tdc bao ton, gom cum
cdu truc, va nhiing thong s6 khac d€ xay dung gia
tri chdt lugng cu tric bac bon (auaternary structure
quality estimate - QSQE) 32 Nhiing phtic hgp c6é mtic
4o tuong dong cao thudng sé hitu ciu tric bac bon va
phuong thiic tuong tac nhu nhau; qua d6, Bertoni va
cong su da dé xudt ddu chi PPI (PPI fingerprint), mot
ham s6 thé hién dugc su bdo ton bé mat tuong téc qua
qud trinh tién héa. Phén tich d4u chi PPI giup cung
cdp thém cac thong tin quan trong cho dy doédn cau
hinh bac bén cta protein.

- AlphaFold2 bén canh dy doén ciu tric protein don
1é con c6 thé gitp chung ta x4y dung mé hinh tuong
tac dya trén cac phic hgp c6 san. Cong cu hoat dong
theo cdch st dung cic trinh tu c6 mo6ilién hé tién hoa,
sdp giong cOt nhiéu trinh ty; sau d6 st dung Evo-
former dé€ tim mdi lién hé gitia trinh ty va cdu trac
khu6n méu??. Evoformer xem protein nhu cic dam
may don phén di chuyén xung quanh mang lugi dé
tao ra mo hinh 3D; cudi cung céac tinh chinh cuc bd
dugc thyc hién d€ dua ra két qua>*.

Khuyét diém 16n nhét cia SWISS-MODEL hay Al-
phaFold2 14 ca hai déu bj dnh hudng bdi thong tin vé
cac phtic hgp protein-protein c6 sén d€ dy dodn chinh
xdc. Két qua ciia SWISS-MODEL hoan toan dugc mo
phong dua trén cdu tric khudén ma ngudi dung chon;
vi thé, viéc lya chon dugc cdu tric khuoén mau déng
tin cdy cting nhu kién thtic vé tuong ticla v6 cling cdn
thiét. Trong khi d6, AlphaFold2 mic du da cai tién
hon véi viéc chi dua vao trinh ty va du dodn tuong
tac thong qua thong tin di truyén nhung van con han
ché trong viéc dua ra cu truc protein-protein chinh
xdc. Viéc nay chu yéu dén tit bo dit liéu d€ huén luyén
cho AlphaFold-Multimer van con it va chua bao quat
dugc toan bo céc trudng hgp c6 thé xay ra. Tuy nhién,
cdc nha nghién ctiu van dang tiép tuc phat trién, cai
thién AlphaFold va da dat dugc mot s6 két qua hia
hen 3538

MO PHONG PONG LUC HOC PHAN
TU

Mic du dugc xem nhu la mgt cong cu vo cung hiiu
dung trong nhiing nghién ctiu vé mdi quan hé gitia
cdu truc va chuc nang, docking phan ti van ton tai
nhiéu nhugc diém. Diéu nay dugc bat ngudn ti viéc
docking phén ti chi dugc xem nhu mét phuong phap
14y mau cting, trong khi protein lai vd cung linh dong,
va khong hé phan anh dugc sy thay ddi cta phan ti
khi bi anh hudng boi phén ti khéc (ion, dung mdi,...)
hay méi truong (pH, dién truong,...) 39 Motsé tuong
tac phan tt khong thé dugc du doan chinh xdc, bao
g6m tac dong ctia dung moi hay thay déi entropy %41,
Tt d6, docking phén tti cAn dugc két hop véi mot sé
ki thuét khéc d€ c6 thé cung cép nhiing két qua déng
tin cay hon, va mét trong s6 d6 chinh 13 mé phong
dong luc hoc phan ti (Molecular Dynamics Simula-
tions — MDs). Tu nhiing ndm 50 cta thé ky trudc,
cdc nha khoa hoc da thé hién mdéi quan tdm dén cach
thic hoat ddng & cap do nguyén tii lién quan dén chic
ning clia mot phan t&*2, Ké tli 4 moé phong dong
hoc phan ti dugc xem nhu mot giai phap hiiu hiéu
dé€ nghién ctiu su chuyén dong khong ngling ctia cic
nguyén tt nhd vao sy hd trg ciia mdy tinh. Nam 1977,
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McCammon va cong su da thuc hién nghién ctiu dau
tién dé€ c6 cai nhin siu sic vé dong hoc cua protein
tic ché trypsin tuyén tuy bo, nghién ctiu nay da lam
thay d6i quan diém xem protein nhu mot hé clng
nhic*>*, Hinh 2 thé hién s6 lugng cac cong b6 vé
sinh hoc cdu truc ¢6 stt dung mo phong dong hoc ké tit
ndm 1977 cho thdy tinh hiu ich cia m6 phong dong
hoc phan tt trong nghién ctiu, ddc biét trong linh vuc
khoa hoc than kinh khi dugc dung dé€ nghién ctu cic
protein quan trong véi tin hiéu thin kinh*°.

Nguyén ly va nhiém vu ctia mé phdéng dong
hoc phan ti

Mo phong dong hoc 1a ki thuéit nghién ctiu sy chuyén
dong ctia mot hé gdm rat nhiéu nguyén ti, dugc xem
nhu cic hat, trong mét khoang thdi gian ngan bang
viéc st dung phuong trinh chuyén dong ctia Newton.
Trong khoang thoi gian mé phong, su bién ddi cia cac
hat trong hé dugc tinh todn bang tich phan phuong
trinh chuyén dong cta chung:

Fi(t)

m;

a;(t) =

V6i m; la khéi lugng, a; 14 gia t6c, F; 1a luc tic dung
lén hat thi i.

Diém manh ctia m6 phong déng hoc phan ti 1a cho
phép hé & trang thai dong, di€u nay phu hgp véi thuc
té la cac dai phan tu sinh hoc néi chung hay protein
ndi riéng ton tai & trang thai dong, cung cip phuong
tién d€ mo hinh hoa tinh linh hoat va nhiing thay d6i
vé hinh dang ctia protein trong cic qua trinh sinh hoc
& céc diéu kién khac nhau ctia moi trudng 4.

Trudng luc

Truong luc duge dinh nghia 13 mot biéu thic toan
hoc m6 ta sy phu thudc ning lugng ctia mét hé théng
vao toa d¢ cua tliing nguyén td cdu thanh hé. Co
nhiéu cach phan loai va dang trudng luc san c6 hién
nay*~%°, tuy nhién déu st dung cling mét biéu thiic
dién hinh cho trudng lyc:

U = Y ponds ko (r - r0)2 +Zungles kg (9 - 90)2
+Zdihedmls Vi [1 +cos (nq) - Y)] +

12 6 -
YiXizj4€ij {(%’) - (%’) }-FZI'Z#_,‘Z'T‘Z}

Biéu thiic trén, nhin chung, dugc tich biét thanh hai
dang 14 nidng lugng noi phén tl va lién phén ti. Nang
lugng lién két bao gom ba phan tit d4u tién trong biéu
thic trén la Ey,,g dugc tinh bing tng do dai tat ca
cac lién két gitia hai nguyén tli va E,;,q tinh todn do
rong céc goc lién két. Céach khai trién hai phan t nay
tuong tu nhu cach tinh d¢ co gian ctialo xo trong dinh
luat Hooke*°. Ning lugng xoay gbc nhi dién ¢ va

(Edinedrar) tuong tng véi n géc nhi dién cé mdt trong
chuéi*®. Trong khi d6, nang lugng lién phan td, déng
vai trd quan trong trong tuong tdc protein-protein,
dé cip dén cac tuong tac tinh dién va Van der Waals
(VdW) gitta nhiing nguyén tti khong tao lién két truc
tiép. Nang lugng tu tuong tac VAW dugc tinh dua
trén thé ning Lennard-Jones 12-6, mo hinh lyc ddy
dién tli va cc tuong tac phan tan°!. Cudi cling, dinh
luat Coulomb dugc sti dung d€ mo ta tuong tac tinh
dién gitia mot cdp nguyén tl dai dién bai dai lugng
Ecoutomb o

Hién nay c6 ba mé hinh phan ti chinh da dugc phat
trién gém: trudng lyc toan nguyén ti °>°3, trudng luc
thd héa>!, va trudng luc két hgp>>°°. Céc nghién
ctiu vé dong hoc phan tu dang st dung mot cach phd
bién bén ho truong luc danh cho protein 1a: AMBER,
CHARMM, GROMOS, OPLS-AA*". Nhiing trudng
lyc nay khéc nhau vé€ di liéu va quy trinh st dung
dé tham s6 héa. Tuy nhién, Jorgensen va Tirado da
khing dinh c4c truong luc hién cé van cung cdp cic
két qua dang tin cay>’. Bang 1 tém tit mot s6 trudng
luc hién c6 trong cac ho trudng luc néu trén.

Cac chuong trinh mé phéong dong luc hoc
phan tu

- CHARMM (Chemistry at HARvard Molecular Me-
chanic, https://www.charmm.org/) dugc phat trién tu
40 nam trudc, can ban tip trung vao cac dai phéan tu
sinh hoc nhu protein, nucleic acid, lipid, carbohydrate
v.v.. Chuong trinh cung c4p mdt lugng 16n bo cong
cu tinh todn bao gém nhiéu phuong phép ldy mau
cu hinh va udc tinh niang lugng tu do, t6i thiéu ning
lugng, dong hoc va ky thuét phén tich cing nhu kha
ning xy dyng md hinh®>*, CHARMM dugc nha
phét trién xay dung véi ba yéu t6 gitp lam nén do hiéu
qué ctia g6i md phong nay la (1) hoan tat cong viéc
trong khodng thoi gian ngdn nhét c6 thé, (2) di liéu
dau vao dugc don gidn hoa t6i da, (3) nha phat trién
quan tdm dén viéc thiét k€ giao dién chuong trinh dé
hiéu va dé chinh stta®*.

- AMBER (Assisted Model Building with Energy Re-
finement, https://ambermd.org/) la chuong trinh mo
phong gitp phén tich hiéu qua dong hoc ctia cac phan
t nhu protein, nucleic acid va carbohydrate. AM-
BER khong phii la mét chuong trinh don 1é ma la
mot tdp hop céc goi chuong trinh dugc thiét ké dé
hoat dong cung nhau. Quy trinh thuc hién gém ba
budc chinh: chuén bi hé théng, mé phong va phéin
tich két qua. Hinh 3 tém tat quy trinh thong tin trong
g6i mo6 phong AMBER. Quy trinh nay dugc phan tich
chi tiét trong bai tong quan “Chuong trinh mé phong
sinh hoc phén ti Amber” ctia David va cong sy va tai

298

299

300

301

302

303

304

305

306

307

308

309

310

31

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348



Tap chi Phdt trién Khoa hoc va Céng nghé - Natural Sciences 2025, ():1-10

349

350

35

352

353

354

355

356

357

358

359

360

36

362

363

364

365

366

367

368

369

370

37

372

373

374

375

376

377

378

379

380

38

382

383

384

Bang 1: Cac truong luc hién c6 trong moé phong dong luc hoc dai phan ti sinh hoc

Ho truong luc Trudng luc
CHARMM ** CHARMM?22
CHARMM?27
AMBER >’ ff19SB
GLYCAM
ff14SBonlysc
GROMOS 06! GROMOS53a6
GROMOS45a3
GROMOS45a4
OPLS-AA ¢ OPLS3

Mo ta

Mot truong luc toan nguyén tit danh cho protein
Trudng lvc danh cho nucleic acid va lipid

Pang dugc st dung rong rai d€ mo6 phong protein
Mo phong carbohydrate

La trudng luc t6t nhét d6i véi mé phong trong dung moi

an

Trudng luc dung trong mé phong carbohydrate

St dung cho céc tap hop lipid nhu mang té bao, micelle
Cai thién cdch tham s6 hoa nucleic acid

Mo phong dong hoc phan ttt nho va protein

liéu huéng dén stt dung Amber22°°. AMBER hé trg
mot trudng luc tdng quét cho cac phan ti hitu co nho,
dugc diing d€ phén tich phtic hgp ctia phén tit nho véi
protein hoic nucleic acid *°.

- GROMACS (GROningen MAchine for Chemical
Simulations, https://www.gromacs.org/) la mot hé
théng ma nguén md dugc st dung rong rai nhit trong
md phong dong hoc phan tl sinh hoc nhu protein,
lipid, nucleic acid, cing nhu cdc phan tt polymer
phi sinh hoc®. GROMACS dugc dinh gid 1a mot
phdn mém nhanh, linh hoat, mién phi va than thién

68,69 Hiéu suit ctia chuong trinh mo

v6i ngudi dung
phong dugc ning cao hon k€ ti phién ban GRO-
MACS 2019 khi ¢6 sy hd trg cia phdn mém tich hgp
gmx_api. Phidn mém nay cung cdp mot giao dién
Python cho phép két ndi cac cdu lénh cia GROMACS
Vv6i céc cong cu phan tich clia bén tht ba”®. Chi tiét
céc bude chay mo phong trén GROMACS dugc thé
hién ¢ Hinh 4 va bai téng quan ctia Smith va cong
su’l.

- NAMD (Nanoscale Molecular Dynamics, http://ww
w.ks.uiuc.edu/Research/ namd/) 1a géi chuong trinh
dugc thiét k€ d€ mo phong hiéu suit cao cta cac hé
théng phén ti sinh hoc 16n. Mot muc tiéu quan trong
ctia NAMD la cung cép cho ngudi dung mét giao dién
thong nhdt trén tat ca cdc nén tang, tii laptop dén may
tinh d€ ban va ca trén hé th6ng siéu mdy tinh. Diéu
nay dugc thuyc hién dua trén hé thong lap trinh song
song Charm™" 72, NAMD st dung thuét todn sao
chép nhiéu l4n (Multiple Copy Algorithms - MCA)
hé trg t6t hon trong viéc 14y mau cdu hinh, tinh todn
néng lugng tu do hay tinh chinh cac trang théi chuyén
tiép 73. Ngoai ra, mét uu diém ctia NAMD la giao
dién tap 1énh Tcl cung cép tinh linh hoat t6i da cho
ngudi dung co thé stia d6i hodc trién khai MCA mot

cach doc 1ap ngay ca khi dang chay mé phéng 773,

UNG DUNG TRONG NGHIEN CUU
PHAT TRIEN THUOC

Cac bét thudng xay ra trong tuong tac protein-protein
c6 thé dan dén cdc loai bénh khac nhau, trong do
c6 ung thu 7*. Nghién cliu tuong tc protein-protein
béng cong cu tin sinh hoc da hé tr¢g manh mé trong
h 7576, Chién

lugc phong nglia va diéu tri bang chit tic ché cong

cong cudc phat trién thude chita bén

héa tri ndi 1én nhu mot phuong phép tiém ning vi it
kha nang thic ddy qué trinh khang thuéc 77. Nim
2019, Khuchtumur va cong su phat trién chit tic ché
TEAD-347 nhdm vao tuong tac gitia protein Yap va
TEAD thong qua tuong tac v6i mot cysteine bao ton
trong tGi palmitate 7®. Ngoai ra, mang luéi tuong téc
protein-protein dugc xay dung nham nghién ctiu cac
con duodng truyén tin hiéu va dy dodn chiic ning ctia
protein chua biét 7.

Hién nay mo6 phong dong luc hoc phén tit duge ding
rong rai trong nghién ctu protein nhu sy tuong tac
protein-protein hay cic con dudng truyén tin hiéu .
Vi du, cap thu thé protein G (G protein-coupled re-
ceptor — GPCR) la loai thu thé quan trong véi céc loai
thudc, hon mét phén tu s thuéc nhdm muc tiéu vao
loai thy thé nay 80-82, Niam 2020, 24 loai thuéc méi
nhdm muc tiéu GPCR da dugc phé duyét 1am sang va
441oai thuéc méi dang trong giai doan thit nghiém 3.
Mo phong dong Iuc hoc phan ti cung cip thong tin
chi tiét vé ba co ché ctia GPCR bao goém: su thay d6i
céu hinh trong trang thai hoat dong va khong hoat
dong, tuong tac ciia GPCR véi phdi tti/chat tic ché, tac
dong ctia lipid d6i vé6i cdu tric cia GPCR 84, Mot vi
du khécla trong nghién ctu céch thiic cac thé dot bién
ctia SARS-CoV-2 tuong tac véi thy thé ACE2. Cu thé,
bon bién thé chiia cac dot bién da dugc nghién ciu,
trong d6 dot bién E484K va N501Y lam tang i luclién
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PDB

pdbdamber,
prepareforleap

A

r

Antechamber,
pyMSMT,
mdgx,
LEaP

Théng tin
trwdng lwc

prmtop
prmcerd

parmed

D{ liégu NMR
hoac XRAY

Théng tin
mdin

MMPBSA py,
FEW

mdout_analyze.py,
cpptraj

Hinh 3: Quy trinh théng tin dau vao trong g6i mé phéng AMBER. pdb4amber: chuong trinh gitp chuyén déi
file & dinh dang khac sang dinh dang pdb dé tuong thich véi LeaP; prepareforleap: mét tuy chon trong céng cu
cpptraj c6 cung chiic nang nhu pdb4amber, thich hgp cho carbohydrate; Antechamber: chuang trinh gitp xay
dung trudng luc cho cac phan ti hitu ca nhé nhu thudc, amino acid dugc bién déi; pyMSMT: g6i mé hinh hoa vi tri
gén kim loai ctia hé hén hop; mdgx: chuong trinh tao cac théng sé trudng luc lién két; LeaP: chuong trinh tao ra
hé mé phéng trong Amber; sander: chuang trinh téi thiéu héa nang lugng va dong luc hoc phan ti; pmemd: mét
phién ban cla sander dugc t8i uu hda; MMPBSA.py: code Python dé phan tich nang lugng tir qua trinh mé phéng
dong luc hoc phan tl; FEW: chuang trinh tinh toan nang lugng ty do cia hé protein-phdéi tl; mdout_analyze.py:
file dau ra cia chuong trinh sander va pmemd; cpptraj: chuang trinh phan tich quy dao va dit liéu.

két, khién kha ning lay nhiém cao hon ®°. Song song
d6, Acharya va cong sy da thuc hién mé phong dong
hoc trén 8000 hgp chit nhim sang loc cdc chat tic ché
manh protein S va xdc dinh dugc 77 hgp chat thude

phén tii nho tiém ning trong diéu tri COVID-19 %,

KET LUAN

Moi quan tdm vé cdu truc phtic hgp protein-protein
dugc xem nhu vdn dé ndi trdi, gitp cdc nha nghién
ctiu c6 cai nhin sdu hon vao co ché tuong tac trong cac
qua trinh sinh hoc. Do cac kho khin trong viéc giai
cdu truc thyc nghién nén viéc dy dodn cdu truc phuc
hop protein-protein bang cong cu tin sinh hoc da tré
thanh mot phuong phép thay thé t6i wu. Tuy nhién,
trong thuc té€ cac phén ti sinh hoc tham gia vao qua

trinh sinh hoc trong co thé lu6n & trang thai dong.
Vi véy, phuong phdp m6 phong dong luc hoc phan tu
da dugc st dung tii nhiing ndm 70 cua thé ky trude
dé ho trg cho nghién ctiu sy tuong tac lién quan dén
chiic nang cta protein. Tu d6 viéc két hgp phuong
phdp mo hinh héa cdu tric phiic hgp protein-protein
va mo phong dong luc hoc phén ti da trd thanh chia
khoa d€ mé rong cac nghién cttu mang tinh ting dung

V€ sau.

DANH MUC TU VIET TAT

PPIs: protein-protein interactions
MDs: molecular dynamics simulation
Y2H: yeast two-hybrid

co-IP: co-immunoprecipitation
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‘ Chuén bj cau trac {protein/protein, protein/DNA,...) ‘

!

‘ Lwa chon trwedrng lwe va moé hinh nwée thich hop ‘

CHUAN BJ |
] Thiét 1ap hép mé phéng |
’ B sung nwéc L ion trung hoa ‘
| Téi thidu héa néngtpg’ng hé mé phéng ‘
MO PHONG | Can béing hé & didu kie!: déng nhiét va ding ap |

!

‘ Thwe hién mo6 phéng dong Iwc hoc phan tir ‘

'

PHANTICH | |

Phan tich két qua mé phong ‘

Hinh 4: Céc budc chay mé phdng bang GROMACS. Phan ti muc tiéu dugc chuan bi cho GROMACS bang cach ap
dung céc théng tin vé trudng luc va mé hinh dung méi (thudng la nudc). Sau dé, hép mé phéng duoc thiét lap
va b sung thém dung méi, ion trung hoda toan bo dién tich hé. H& mé phong nay sau d6 dugc téi uu héa ning
lugng cling nhu trai qua cac budc can bang hé & nhiing diéu kién dang nhiét (NVT) va déng ap (NPT) trudc khi

thuc hién budc mé phéng cudi.

MS-PCI: mass spectrometric protein complex

AFM: atomic force microscopy

TFM: template-free modeling

TBM: template-based modeling

VAW: Van der Waals

CHARMM: chemistry at Harvard molecular me-
chanic

AMBER: assisted model building with energy refine-
ment

GROMACS: groningen machine for chemical simu-
lations

NAMD: nanoscale molecular dynamics

MCA: multiple copy algorithms

GPCR: G protein-coupled receptor

XUNG POT LOI iCH

Céc tac gid cam két khong c6 xung dot loi ich.

PONG GOP CUA CAC TACGIA

Nguyén Vin Minh Thudng: viét, t6ng hgp va chinh
stia ban thao

Ly C&m Tu: viét, téng hgp va chinh sta ban théo
binh Thuén Thién: 1én y tudng, viét, tong hgp va
chinh stia ban thao

Tran Van Hiéu: lén y tudng, tham gia chinh stta ban
théo va chdp thuén ban thao

T4t ca céc tdc gia dong y véi ban thao cudi cung.
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ABSTRACT

Protein is a vital macromolecule that contributes to the living system. Functionally, proteins not
only work independently, but also form a close network via protein-protein interactions (PPIs), the
decisive factor in most biological processes in living organisms. Nevertheless, the study of PPIs
has encountered many obstacles due to the lack of experimental structures of the complexes or
proteins involved in the interactions. Thanks to the support of bioinformatics tools, methods, and
algorithms, the prediction of protein interaction structure has emerged as a potential solution to
solve the above difficulties. Molecular docking and molecular dynamics imulation (MDs) are two
commonly used methods for predicting PPIs because of their ability to model structure and ap-
proximate biological processes, which are consistent with the natural state of the realistic system.
Applying these bioinformatics advances has shortened the time, effort, and research costs for scien-
tists. This review provides information on the protein-protein complex structure prediction method
and some tools to assist in previous studies. In addition, the force field component of the molecular
kinetics simulation method is highlighted, and simulation programs are extensively used.
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