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MO HINH HOA TUONG PONG VA UNG DUNG TRONG THIET KE THUOC

Lé Anh Vii'”, Phan Thi Cim Quyén?, Nguyén Thiy Huwong'
‘Truong Dai hoc Bach Khoa TP. HCM,
*Trung tam Gidng Kién Giang

TOM TAT

Trong nhiéu thap ky qua, m6 hinh héa tuong ddng da tre thanh cong cu phd bién ¢é mé hinh hoa
cau trac ba chiéu (3D) gia thuyét cua cac protein quan tim. Muc dich cua qua trinh nay 1a dé tao ra
céu trac 3D cua cac protein ma cdu truc van chua dugc xic dinh bang cac phuong phap thuc
nghiém. Co sé cho md hinh héa twong ddng dua trén sy quan sat rang cac homolog protein véi
chudi acid amin twong ty s& c6 ciu trac 3D gidng nhau. M6 hinh hoéa twong ddng sir dung céac
phuong phap dua trén may tinh (in silico) dé tao ra cac mé hinh cau trac 3D cho protein muc tiéu
dya trén mot protein khuon mau. Cach gip cudn ctia mo hinh duoc tao ra dua trén sy tuong tng
giita mo-tip cau trac cta protein khuén mau va muc tiéu. M6 hinh hoa tuong ddng hién dang 1a
phuong phap dang tin cay nhit bén canh cac phuong phap thuc nghiém dé tao ra mo hinh chét
luong cho nhiéu tng dung khac nhau trong thiét ké thudc. Cho dén nay, mo hinh hoa twong dong
da duoc sir dung thanh cong trong xac dinh phan tir khéi ngudn bang docking phan tir, dé dé xudt
co ché twong tc giita thy thé - phbi tir, dé tao diéu kién cho cac thi nghiém gay dot bién va dé lam
co s& cho toi wu hoa cc phdi tir tiém ning. Trong bai tong quan nay, ching t6i bao cao nhiing
phat trién hién tai trong linh vuc nay, thao luan vé nhitng han ché ciia mé hinh hoa twong dong va
gi6i thiéu cac img dung méi nhét cia ki thuat ndy vao quy trinh thiét ké thude hién dai.

Tir khoa: cong nghé sinh hoc; cdu triic protein; thiét ké thuéc; mé hinh héa twong dong; thiét ké
thuéc dua trén cdu tric.
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ABSTRACT

In the last decades, homology modeling has become a popular tool to build hypothetical three-
dimensional (3D) structures of interested proteins. The aim of this process is to model 3D structure
of proteins that have not been structured from experimental methods. The basis for homology
modeling is based on the observation that homolog proteins with similar amino acid sequences
will have the same 3D structure. Homology modeling uses computer-based methods (in silico) to
create 3D structures of target protein based on a template protein. The folding pattern of the model
is created based on the correspondence between the structural motif of template and target
proteins. Homology modeling is currently the most reliable method besides experimental methods
to create quality models for many different applications in drug design. Homology modeling so far
has been successfully used to identify lead molecule by molecular docking, to propose ligand-
receptor interactions, to facilitate mutagenesis experiments, and to guide optimization of potential
ligands. In this review, we report current developments in this area, discuss the limitations of
homology modeling, and address the latest applications of this technique to the mordern drug
design.
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1. Giéi thiéu

Hién nay, sy phat trién cta cac k¥ thuat phan
tich cdu tric nhu tinh thé hoc tia X va phd
cong huong tir hat nhan (NMR) da cai thién
qua trinh xac dinh cdu trac 1ap thé (3D) cua
proteln [1]. Tuy nhién, nhu'ng ky thuat nay
hién van kho6 c6 thé dugc ap dung cho toan bo
céc protein vi nhiéu 1y do. Cu thé, ky thuat
NMR thuorng chi dugc 4p dung voéi céc
protein ¢6 kich thudc phén tor nho. Trong
truong hop st dung tinh thé hoc tia X, phén
tr protein nén dugc phan tich duéi dang két
tinh. Bén canh do, mt nhugc diém nira ctia
cac ky thuat nay la ton nhiéu thoi | gian va chi
phi nghién ctru. Piéu nay da dan dén kho
khan trong viéc xac dinh cau trac protem voi
do phan g1a1 cao, dac biét la doi véi cac
protein mang, do nhiing khé khan trong qua
trinh tinh ché va két tinh céc protein d6 so voi
cac protein hoa tan khac [2]. Vi proteln mang
chiém ty 1& quan trong trong cadc muc tiéu
thudc, nhimg tién bo trong viéc xac dinh ciu
tric céac protein nay du kién sé day nhanh qua
trinh thiét ké thude. Gan day, viéc du doan
chu trac 3D cia protein st dung cac cong cu
in silico da dugc phat trién [3].

Mo hinh hoéa tuong dong la mot trong nhiing
phuong phép dy doan cau trac in silico duoc
sir dung dé xac dinh ciu trac 3D cua protein
tr trinh ty acid amin cua né dya trén mot
khuoén mau da biet. Co s¢ cho md hinh hoa
tuong dong dira trén hai luan diém chinh. Pau
tién, cau trac 3D cua proteln duoc xac dinh
boi trinh ty acid amin cua n6. Thr hai, céu
tric cua protein dugc bao ton nhleu hon va sy
thay dbi thu’ong xay ra véi tbe d6 cham hon
nhleu so v6i trinh ty acid amin trong qua trinh
tién hoa. Ket qua la céc trinh tu tuong dong
thuong gap cudn thanh cac cdu tric twrong tu
nhau va thdm chi céc trinh ty c6 muc lién
quan thip van c6 thé c6 cdu trac 3D tuong tu
[4]. Do d6, mo hinh hoa tuong ddng da duoc
su dung de mo phdng cac cau trac 3D voi do
chinh xac cao [1]. Ngoai ra, k¥ thuat nay con
¢6 wu diém 1a can it thoi gian va chi phi thap
hon so véi cac phuong phéap truyen thong.
Diéu nay da lam thay ddi cach thuc tién hanh
docking va thuc déy tng dung cua sang loc 4o
dya trén chu triic trong quy trinh thiet ké
thudc hién dai [5]. D3 c6 dé xuit rang cac mo
hinh dugc xay dung trén khudn mau c6 muc
d6 twong ddng >50% 1a du chinh xac cho muc

dich thiét ké thudc dua trén ciu trac [6] Vi
thude the hién hoat tinh khi tuong tic vdi cac
thy thé trong do chu yéu 1a protein, mo hinh hoa
tuong dong c6 nhiéu ing dung trong qua trinh
thiét ké thude, vi du nhu xac dinh cac tuorng tac
glua proteln va ph01 tu, tr do gop phén x4c dinh
cac g vién thude tiém ning [3].

Tong quan nay tom tit dic diém nhﬁ’ng budc
chinh trong qua trinh thyc hién m6 hinh hoa
tuong dong. Bén canh do, cac cong cu pho
bién duoc phat trién cho muc dich m6 hinh
hoéa trong nhu'ng niam gan day cung dugc trinh
bay Bai vi€t nay_ cung cung cap nhung danh
gia vé cac van dé c6 thé gap trong moé hinh
hoa va tiém nang ung dyng cua mo hinh hoa
trong thiét ké thudc.

2. Mb hinh héa twong déng

Céc phuong phap mo hinh hoéa thuong duoc
phén loai thanh m6 hinh hoa dya trén khudn
mau (mo hinh héa twong dong) va md hinh
hoa de novo [6]. Hién nay, md hinh hoa tuong
dong duogc coi 1a chinh xac hon so v&i mo
hinh hoa de novo, va do d6 né dugc ap dung
phd bién hon trong nghién ciu cau tric
protein [7]. M6 hinh hoa twong dong la mét
phu'ong phap du doan céu trac bao gom nhiéu
budc va co thé c6 nhiing thay d6i dé phu hop
v6i ting muc dich nghién ctru. Cac budce dac
trung ctia md hinh hoa tuong dong dugc tom
tat nhu trong Hinh 1 va chi tiét duoc dé cap
dudi day.

Hinh 1. Cac budc co ban trong qua trinh mé hinh
hoa cau tric 3D cua protein [3]

2.1 Xdc dinh khuon miu

Trong budc nay, trinh tu acid amin cua
proteln muyc tiéu dugc su dung dé xac dinh
cau tric khuén mau co trong cac co so dir lidu
(CSDL) nhu NCBI Reference Sequences
(RefSeq) [8], UniProt [9], Protein Data Bank
(PDB) [10], Worldwide Protein Data Bank

174

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Lé Anh Viiva Dtg

Tap chi KHOA HOC & CONG NGHE DHTN

202(09): 173 - 184

(wwPDB) [11], Protein Data Bank in Europe
(PDBe) [12], Protein Data Bank Japan (PDBj)
[13] va mot s6 CSDL véi quy mdé nhd hon
[14]. Hién da co nhiéu cong cu voi nhiéu cach
tiép can khac nhau_dugc phat trién cho viéc
tim kiém khuon méu thich hop véi trinh tu
muc tiéu. Trong do, Basic Local Alignment
Search Tool (BLAST) [15] 1a cong cu duge
su dung pho bién nhat cho muc dich nay bang
cach sap giong cot trinh ty muc ti€u v6i trinh
tu céac proteln co san trong CSDL. Bén canh
d6, mot sb cach tiép can khac duge su dung
trong xac dinh khuon mau bao gdm “profile—
profile alignments” [16] va “Hidden Markov
models” [17].
Mirc d6 twong ddng cua trinh tw khuén mau
so vOi trinh tu myc tiéu c6 anh hudéng lon
trong viéc tao cdu trac 3D vé&i d6 chinh xac
cao. Tuy nhién, d¢ tuong dong trinh tu khong
phal la yeu to duy nhét quyét dinh do chinh
Xac cua cac cau triic duge tao thanh. Vvé g10|
han twong dong trinh ty t01 thiéu trong mo
hinh hoa tuong dong, c6 nhidu y klen ve muc
dd nhung ¢ cac mue d§ tuong_ dong 16n hon
25% thu’ong cho thiy khuén mau va myc tiéu
s€ c6 cau truc 3D tuong dong [18]. Ngoai
mirc d6 tuong ddng trinh tu, cac yéu tb khéc
dugc xem xét trong viéc chon mot khuon mau
du diéu kién bao gom sy tuong g vé kiéu
gen gifra trinh tu khu6én mau va trinh ty muc
tiéu. Cac khuén mau tir cdy phat sinh glong
nhau hodc tucrng ung voi trinh tu muc ti€u co
thé dan dén céu truc 3D voi d6 chinh xac cao
[3]. Bén canh do, cac yéu ‘go moéi trudng nhu
pH loai dung moi va sy ton tai cua ph6i tu
rang budc cling quan trong trong viéc chon
mau du didu kién vi chung ¢¢ vai tro dam bao
céc diéu kién t6i wu nhét trong viée xay dung
cau tric muc tiéu chinh xac. P§ phan giai cia
ciu trac thir nghiém dang duogc xem xét cung
1a mot yéu t6 trong viéc chon lia khuén miu
du diéu kién [19].

2.2 Sdp giong cét trinh tw va higu chinh

Sau khi trinh tu khudn mau phu hop nhét
dugc chon, d6i khi can thlet phal sap xép va
hi€u chinh chung. Su sap xép co thé 1a g1u’a
myc ti€u — khudn mau hodc khuén mau —
khuo6n mau khi sir dung nhiéu hon mot khuén
mau. Ldi trong su sap xép cua céc residue gy
ra sy dich chuyén cua o carbon. Mot khoang
tréng residue trong phan X04n a (a helix) s€
kich hoat sy xoay phan con lai ciia residue

trong xoan a. Do d6, sy siap xép cua cic
residue theo dung cach 1a rit quan trong trong
md hinh hoéa tuong dong [20].

2.3 Xay dung mo hinh

Véi mdi khuon mau duoc cin chinh, thong tin
chura trong d6 phai dugc sir dung dé tao ra mo
hinh cdu trac 3D ciia muyc tiéu va duoc bicu
dlen dudi dang tap hop toa do Cartesian cho
mdi nguyén ti trong cau triic protein. Co
nhiéu phu:orng phép khac nhau dugc st dung
dé tao md hinh 3D cho trinh ty myc tiéu dya
trén cac khudn mau cta nd. Nhin chung, cac
phuong phap nay co thé duoc phan loai thanh
phuong phap to6 hop phan cimg (rigid-body
assembly methods), phuong phap khép phan
doan (segment matching methods), phu'ong
phap théa man han ché khong gian
(satisfactions of spatial restraint methods) va
phuong phap tién hoa nhan tao (artificial
evolution methods) Trong phuong phap to
hop phan cung, mod hinh tuong dong duoc
xay dung dua vao vigc lap rap cac phan doan
chu tric dugce bao ton. Cac phan doan nay
duogc xac dinh bang cach xem xét cic cau triic
€6 lién quan da dugc lam sang td. Do do, cac
protein chua dwugc lam rd co thé dugc mod
hinh hoa bang cach xay dung Vung 161 duoc
bao ton va sau d6 thay thé cac ving khac
nhau tu cac protein khac trong tap hop cac
cdu tric di duoc lam 1. Viéc ung dung
phuong phéap nay khac nhau chu yéu ¢ cach
ching xt 1y cac khu vue khong dugc bao ton
hodc thiéu khuon miu. Cac ving bién thién
thuong dugc xay dung voi su tro gitp cla cac
thu vién phéan doan [21]. Phuong phap kh(')rp
phén doan chia muyc tiéu thanh mot chudi cac
phan doan ngan mdi phan doan dugc khop
v6i mau rleng dugc trich xuat tr CSDL. Do
do, viéc can chinh trinh tu duoc thuc hién trén
cac phan doan chir khong phai trén toan bo
protein. Viéc lya chon mau cho ting phan
doan dua trén su tuong dong vé trinh tu, so
s&nh cac toa do o carbon va dy doan cac xung
dot kh6ng gian phat sinh tr ban kinh van der
Waals cua céac nguyen ttr phan ky gitra muc
tiéu va khuon mau [22]. Han ché khong gian
la phuong phap mo hinh hoa tuorng dong pho
bién nhat hién nay dya trén céc tinh toan can
thiét dé xay dung céu trac 3D tir dix liéu duge
tao ra boi pho NMR. Mot hodc nhiéu sap Xep
muc tiéu — khuén miu duge sir dung de xay
dung tap hop cac ti€u chi hinh hoc ma sau do
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dugce chuyen d6i thanh cac ham mat do xac
suat cho mdi han ché khong gian. Céc han ché
ap dung cho khoang cach xuong séng protein
va goc nhi di€n, tr d6 1am co s& cho quy trinh
t6i wu hoa vi tri nguyén ttr. Quy trinh nay sir
dung phuong phap toi thiéu héa ning luong
gradlent lién hop dé tinh chinh vi tri cua tat ca
cac nguyén tu trong protein [23]. Cubi cung,
phuong phap tién hoa nhén tao st dung mo
phdéng qua trinh tlen héa ty nhién cho dén khi
trinh tyr khu6én mau gidng véi muc tiéu trinh ty.
Vi du, su can chinh trinh ty - cau tric co thé
tach ra nhu 1a mot chudi cac su kién tién hoa
nhu dot bién, thém hodc bét doan. Sau do, mo
hinh cau tric ¢co thé duoc xay dung tu cau trac
khuén méiu bang cach thay doi mot sy kién tién
hoa tai mot thoi diém nhét dinh [24].

2.4 M6 hinh héa diém loop

Céc khoang trong hodc doan cheén vao duge
g01 1a cac diém loop xuat hién trong trinh tu
cac protein tuong dong Cau tric cua cac
dlem loop khong duoc bao ton trong qua trinh
tién hoa. Ngay ca khi khong c6 doan x6a hodc
chén, vin c6 thé tim thay sy phu hop ciu
dang diém | loop khac nhau trong trinh ty truy
van va mau. Tinh ddc hiéu chic nang cua
protein thuong duogc xac dinh boi cac diém
loop. Vi vay, d6 chinh xac ctia md hinh diém
loop 1a mét yéu té quan trong quyét dinh g1a
tri cua cdc mo hinh dugc tao cho céc ung
dung theo sau. Do céc diém 1oop cho thay su
blen d6i cau trac cao hon cac chudi bén va
x0dn, nén viéc du doan cAu tric cla chung
thuong khé khan hon [25]. C6 hai phuong
phap quan trong dugc s dung trong vi¢c phat
trién cac diém loop. Mot 1a phwong phéap tim
kiém co s¢ dir liéu va hai 1a phuong phap tim
kiém céu dang. Phuorng phap tim kiém co so
di liéu sang loc tat ca cac cau trac proteln da
biét dé phat hién cac phan doan cung cap cac
vung 1081 quan trong [26]. Trong khi do,
phuo‘ng phap tim kiém cau dang phu thudc
vao toi uu hoa chirc nang cho diém [27]. Hién
nay, mo hinh hoa dlem 1oop duoc thuc hién ¢
muc 4 — 7 residue. Piéu nay la do sy thay doi
vé cau dang tang khi chleu dai cuia diém loop
tang lén. Dé giai quyét nhitng han ché trén,
cac phuong phap de novo dugc s dung cho
cac dy doan vé hinh dang dlem loop bang
cach tim kiém khong gian ciu dang da dugc
phat trién. M6 phong Monte Carlo, m6 phong
annealing, thuat toan di truyén va mo phong

dong luc phan tir 1a nhitng vi du cho phuong
phap nay. Trong cac phuong phap nhu viy,
do dai cua diém loop cé thé dugc mod hinh
hoa khong bi gidi han nhung khi do dai tang
s luong hinh dang c6 thé ting 1én nhanh
chong khién cho viéc mo hinh héa rat ton thoi
gian [28].

2.5 M6 hinh héa chuéi bén

M6 hinh hoéa chudi bén thuong dugc thue
hién bang cach dat chu01 bén lén toa do
xu'ong song co nguon goc tir cdu triic khudn
mau va/hodc tir mo phong ban dau (ab initio).
Trong thuc té, du doan chudi bén chi hiéu qua
¢ muc d6 cao cua tu:ong dong trinh ty. Chudi
bén ¢6 mat trong mot s6 cau trac han ché voi
nang luong thip dugc goi 1a rotamer. Tuy
thuoc vao chirc nang nang luong dugc xac
dinh va chién lugc tim kiém, rotamer dugc
chon theo trinh ty protein dugc vu tién va toa
d6 xuwong séng da cho. Do chinh xac cia dy
doan thuong cao d6i véi rotamer cua 18i ky
nuge nhung thap d6i v&i rotamer trén bé mit
tiép xtic véi nude [29].

2.6 Téi wu héa mé hinh

Ti wu hoa md hinh thuong bét dau bang viéc
giam thiéu ning lugng bang cach su dung cac
truong lue co hoc phan tar. O mbi lan giam
thiéu ning luong, mot vai 16i 16n duoc loai bo
nhu’ng nhiéu 16i nhé khac duoc dua ra Cung
lac va bat dau tich Iy [30]. Do d6, han ché vi
tri nguyén tu, thuc hién giam thiéu ning
lugng va st dung céac truong luc chinh xac
hon nhu truong luc hrong tir [31] va truong
lyc tu tham s0 hoa [32] co thé duoc str dung
de giam sai s trong t6i wu hoa mo hinh. Dé
t6i wu hoa mo hinh hon nita, cic phuong phap
nhu dong hoc phén tir va Monte Carlo c6 thé
duogc st dung [33, 34].

Vigc danh gid md hinh tuong dong ma khong
tham chiéu den cAu trac tu nhién thuong dugc
thyc hi¢n bang hai phuong phap: thong ké
tiém ning hodc tinh toan nang lugng vat 1y.
Ca hai phucmg phap déu uéc tinh nang luong
cho md hinh va ti€u chi dc 13p la can thiet dé
xac dinh murc chap nhan dugc. Nhuge diém ctia
hai phuong phap nay 1a khong twong quan tt
v6i do chinh xéc cta cau triic thuc sy, ddc biét
1a v& cac nhém protein it dugc dé& cap trong
CSDL, chang han nhu protein mang [35].

Thong ké tiém nang 1a cac phuong phap thuc
nghiém dua trén quan sat tan sO ti€p xuc
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residue - residue gilra cac protein co cdu tric
da biét trong CSDL. Phuong phap nay chi
dinh mot diém xac sudt hodc nang luong cho
tung ‘tuong tac co thé co gilita cac acid amin
va két hop cac diém tuong tac theo cap nay
thanh mot d1em duy nhét cho toan bo md
hinh. Mot s6 phuorng phép nhu vy cling cd
thé tao ra danh gla residue-by-residue xac
dinh cac khu vuc c6 diém kém trong mo6 hinh,
mic du mo hinh c6 thé co diém sd tong thé
hop ly. Nhu’ng phuong phép nay chu y nhleu
dén 15i ky nudc va acid amin phan cuc tiép
xuc voi dung moi [36].

Tinh todn na‘mg lwong vat Iy nham myc dich
nim bét cac tuong tac lién nguyen tor chiu
trach nhiém véat ly cho su 6n dinh protein
trong dung dich, dac biét 1a luc van der Waals
va céc tuong tac tinh dién. Nhitng tinh toan
nay dugc thyc hién bang cach str dung truong
luc co hoc phan tu, do protein thuong qua l6n
ngay ca dbi voi cac tinh toan duya trén co hoc
lugng tr ban thyc nghiém. Viéc su dung cac
phuong phép nay dya trén gia thuyét mat
bang ndng lugng cua vigc gip cudn protein,
gia dinh rang trang thai ty nhién cua proteln
1 muc t6i thiéu ning luong cia nd. Cac
phuong phap nhu vady thuong st dung
phuong phép solvat hoa lién tuc, cung cap
lién tuc gan dung dung moi solvat cho mét
phan tu proteln duy nhit ma khong can sy
biéu dién rd rang cua cac phan tr dung moi
riéng 1¢ [37].

Gan day, mot phuong phap méi hon dé danh
gia mo hinh dya trén cac ky thuat hoc may
nhu mang ludi than kinh nhan tao, co thé
dugc dao tao dé danh gia tryc tlep ciu truc
hodac hinh thanh sy dong quy glua nhiéu
phuong phap dya trén thong ké va nang
lugng. Két qua sir dung hoi quy “support
vector machine” cho két qua danh gia cao hon
so voi cac phuong phap théng ké, tinh toan
nang luong [38].

3. Phan mém md hinh héa twong dong
Trong hai thap ky qua, nhiéu phan mém va
méay chu da duoc phét trién cho tic vu mo
hinh hoa tuong dong mdt md hinh hoan chinh
tr cac chudi truy van (hay con goi la phan
mem/may chu da tac vu) (Bang 1). Ngoai cac
phan mem/may chu ke trén, nhiéu cong cu
dugc phat trién cho mdi budc cu thé trong
quy trinh mo hinh héa ciing da dugc ghi nhan
trong cac cong bd va/hodc dia chi Internet dé
cac nha nghién ctru diéu chinh, cai thién va
xac minh md hinh cho phu hop véi tu’ng
truong hop cu thé. Mot sb .cong cy dong vai
tro 1a thanh phan clia cac nén tang 16m hon dé
hinh thanh céc quy trinh mo hinh hoa tong
thé, tuy thudc vao lwa chon cua nha nghlen
cuu (Bang 2). Ngoai ra, céc nghlen cliru
hudng dén so sanh dic diém cua cac phan
mém/may chi ¢6 d chinh xac cao ciing da
dugce bao cao [39-41].

Bang 1. Cdc phan mém va mdy chii da tac vu cho muc dich mé hinh héa.

Phan mém/

Dia chi truy cap

May chii khio (TLTK)
MODELLER http://www.salilab.org/modeller/ [42]
I-TASSER https://zhanglab.ccmb.med.umich. [43]
edu/I-TASSER/

SWISS-MODEL http://swissmodel.expasy.org/ [44]
Molecular https://www.chemcomp.com/MOEMolecular_Operating_Environme [45]
Operating nt.htm

Environment
(MOE)
PHYRE2 http://www.sbg.bio.ic.ac.uk/phyre2/html/ [46]
page.cgi?id=index
HHPRED http://toolkit.tuebingen.mpg.de/hhpred [47]
ROBETTA http://www.robetta.org/ [48]
PRIME https://www.schrodinger.com/prime [49]
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Bang 2. Cdc phan mém/cong cu dimg cho cdc bude trong mé hinh héa twong dong.

Phin mém/Céng cu

Dia chi truy cap

Sdp giéng cét va cdan chinh trinh tw

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins

BLAST

PSI-BLAST http://www.ncbi.nlm.nih.gov/BLAST/newblast.html
MUSCLE http://www.drive5.com/muscle/

ClustalWw http://www.ebi.ac.uk/clustalw/

PROBCONS http://probcons.stanford.edu/

T-Coffee http://www.tcoffee.org/

PROMALS http://prodata.swmed.edu/promals/

M6 hinh héa diém loop
Swiss-PDB Viewer

http://spdbv.vital-it.ch/
http://www.congenomics.com/congen/doc/index.html
http://www.ram.org/computing/ramp/ramp.html

CONGEN

RAMP

BTPRED http://www.biochem.ucl.ac.uk/bsm/btpred/
BRAGI http://bragi.gbf.de/index.html

Mé hinh héa chudi bén
RAMP

SCWRL
Segmod/CARA

SMD

http://lwww.ram.org/computing/ramp/ramp.html
http://lwww.fccc.edu/research/labs/dunbrack/scwrl
http://www.bioinformatics.ucla.edu/~genemine
http://condor.urbb.jussieu.fr/Smd.html

Toi wu hoa va Danh gia mé hinh

PROCHECK
WHATCHECK
Prosall
VERIFY3D
ERRAT
ANOLEA
Probe

http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html
http://www.sander.embl-heidelberg.de/whatcheck/
http://www.came.shg.ac
http://www.doe-mbi.ucla.edu/Services/Verify_3D/
http://www.doe-mbi.ucla.edu/Services/Errat.html
http://www.fundp.ac.be/pub/ANOLEA.html
http://kinemage.biochem.duke.edu/software/probe.php
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4. Ung dung trong thiét ké thudc

Hién nay, mé hinh hoéa twong dong di dugc
str dung rong rdi trong linh vuc thiét ké thube
VOl su trg giup cua may tinh, déc biét l1a trong
qua trinh thiét ké thudc dua trén ciu trac muc
tiéu. TAm quan trong ciia md hinh héa tuong
ddng ngay cang tang khi s6 luong cu triic
tinh thé dugc xac dinh ting 1én. Mot s6 ung
dung phé bién khac ciia md hinh hoa twong
ddng bao gom: (a) nghién ctru anh hudng cua
cac dot bién; (b) xac dinh vi tri hoat dong va
lién két cta protein; (c) tim kiém cac phdi tir
cho mét vi tri bam nhét dinh (khai thac co s
dir liéu); (d) thiét ké cac phdi tir mdi cho mot
vi tri bam nhat dinh; (e) md hinh hoa tinh dac
hiéu co chit; (f) du doan céu tric epitope; (g)
md phong docking protein — protein va (h)
thay thé phan tir trong tinh ché cau trac tia X
[4]. Céc mg dung dién hinh ctia md hinh hoa
tuong dong trong thiét ké thubc doi hoi do
chinh x4c rat cao vi tri chudi bén tai diém gan
két. Mot sb6 luong 16n cac md hinh tuong
ddng di duogc xdy dung trong nhitng nim qua

bao gom cac khang thé va nhiéu protein lién
quan dén y sinh hoc [6].

Trong mot vi du dién hinh, mo hinh tuong
dong da duoc st dung dé thlet ké cac chit rc
ché bom NorA efflux o Vi khuan
Staphylococcus aureus. Mot sd nghién ctru da
ching minh rang tinh trang khang thube & cac
ching S. aureus trén lam sang cé lién quan
dén sy biéu hién qua muc cia bom NorA
efflux. Tuy nhién, cau truc 3D cua S. aureus
NorA van chua duoc xac dinh 6. Do do,
phuong phdp m6 hinh héa tuong dong duoc
thuc hién dua trén cdu trac tinh thé cta chat
van chuyen glycerol-3- phosphate (PDB ID:
1PW4) dé xay dung ciu tric 3D cia S. aureus
NorA. Thong qua docking va tim kiém tuong
ddng, 14 phan tir khoi ngudn moi da dugce xac
dinh, trong d6 cac tinh chéat duoc 1y va danh
gia rui ro doc tinh cling da dugce thyc hién. Do
do, cac phan tr khoi nguon nay s€ hitu ich
trong viéc thiét ké va tong hop thudc e ché
bom NorA efflux m&i nham khoi phyc tinh
nhay cam cia cac hop chit thude [50]. Trong
modt nghién ctru khac, Thai Khic Minh va
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cong su [51] cling da st dung md hinh cau
traic bom NorA efflux dé sang loc céac hoat
chat tu nhién nham tim kiém cac chat rc ché
bom NorA tiém nang. Ciing trén ddi tuong S.
aureus, Lé Anh Vi va Nguyen Thay Huong
[52] da su dung khuén mau protein SarR dé
mod hinh héa proteln SarA, mot enzyme quan
trong trong qué trinh san xuat mang sinh hoc
cua S. aureus, tir do sang loc cac chat trc ché
tiém nang dua trén cau truc cua protein SarA.

Trong nhitng nam gan day, cdu trac 3D cua
cdc muyc ti€u trong bénh ung thu duge tao ra
bang mo hinh tuong ddng co thé dugc sir
dung dé thiét ké cac tac nhén hoa tri liu hi¢u
qua [53]. Cac cau trac 3D dang tin cay cla
cac thu thé két hop G-protein (G- protem-
coupled receptors) ma la muc ti€u cta gan
mdt phan ba cac loai thuéc dugc FDA chap
thuén da duoc xay dung bang mo hinh hoa
tuong dong [54]. Gan day, Armando et al.
[55] da tien hanh mot nghién curu dé phat
trién cac chat wc ché tiéu don vi dyskerin
(DKCl) clia telomerase, vi cac t& bao khdi u
¢6 tiém ning sao chép khong gi6i han chu yéu
la do holoenzyme telomerase. M6 hinh hoa
céu tric 3D duoc thyc hién boi may chu I-
TASSER. Theo dg doan vé ciu trac twong
dong, protein ¢ PDB ID: 3UAI (céu tric tinh
thé cuia phuc hop Shql-Cbf5-Nop10-Garl tir
Sacharomyces cerevisae) da dugc st dung

lam khuon mau. Chét lugng hoa hoc lap thé
cua cac mo hinh thu duge dugc danh gia bang
phan mém PROCHECK. Mb hinh DKCI da
duoc sang loc dya trén thu vién g6m 450.000
phan ti * g10ng nhu thude”. Sau d6, 10 phan
tir cho thay gia tri ai lyc cao nhat da duogc
chon dé klem tra hoat tinh {rc ché ciia ching
trén dong t¢ bao MDA MB 231 (Monroe
Dunaway Anderson Metastasis Breast cancer
231), tir @6 thu duoc ba hop chit cho thay
hoat tinh trc ché. Trong mot vi du khéc, Tran
Thanh Dao va cong su [56] da ngh1en ctru kha
nang gan két gitra aromatase vdi cac cht rc
ché aromatase bang mé hinh docking phan ti.
Aromatase la enzym quan trong trong qua
trinh chuyen héa androgen thanh estrogen,
yéu to gop phan cho sy phat trién cua té bao
ung thu vi. Nhom tac gia da xdy dung mo
hinh dé du doan mdi lién hé giira cdu trac va
tac dong chat (rc ché aromatase - img dung
mod hinh sang loc 4o trén ngan hang co so dir
liu @é g1a1 thich co ché tac dong toan dién
clia nhoém trc ché aromatase.

Mot s6 ung dung khéc ctia md hinh hoa tuong
déng 1a xac dinh ciu tric 3D RNA

polymerase cua virus Ebola va céu truc 3D
protein NS5 cua virus Zika, tir d6 thiét ké cac
chat tic ché tiém ning [57, 58]. Cac ung dung
gan déy ctia m6 hinh hoa tuong dong trong
thiét ké thudc dugc tém tit trong Bang 3.

Bang 3. Mét so nghién cizu izng dung md hinh protein trong thiét ké thuac.

M@ hinh protein Ung dung

Coéng cu sir dung TLTK

Bom NorA efflux Thiét ké nhém thuoc uc ché bom NorA
efflux dé phuc hdi tinh man cam véi
khéng sinh ¢ S. aureus
Bom NorA efflux Ssang loc cac hoat chét tw nhién nham

tim kiém cac chat tc ché bom NorA

BLAST, CLUSTALX, [50]
MODELLER, PROCHECK,
WHATIF, VERIFY3D
MODELLER, PROCHECK,  [51]
AUTODOCK

Enzyme SarA

sang loc cac chét uc ché enzyme SarA
nham tim kiém cac chat uc ché su hinh
thanh mang sinh hoc

SWISS-MODEL, [52]

AUTODOCK

Dyskerin Phat trién cac chat tc ché telomerase, I-TASSER, PROCHECK [55]
pseudouridine chon sy tuong tac gitra RNA template -
synthase (DKC1) DKC1 lam muc tiéu
Enzyme aromatase Giai thich co ché tac dong toan dién SWISS-MODEL, MOE [56]
cta nhém e ché aromatase
RNA polymerase &  Thiét ké thudc tic ché virus Ebola, cac~ BLAST, SWISS-MODEL, [57]
virus Ebola loai thudc c6 thé dugc tai sir dung dé PROCHECK
chéng lai virus Ebola ciing nhu nghién
ctru vé phuong thic hoat dong cua
virus Ebola
Protein Ns5 & virus Phét hién hai chat tc ché tiém ning BLAST, CLUSTALX, [58]
Zika cta ZIKV Methyltransferase va RNA MODELLER, PROCHECK
polymerase phu thuéc RNA
http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn 179


http://jst.tnu.edu.vn/

Lé Anh Viiva Dtg

Tap chi KHOA HOC & CONG NGHE PHTN

202(09): 173 - 184

Acetohydroxy acid ~ Thiét ké cac chat tc ché mai chdng lai BLAST, MODELLER, [59]
synthase (AHAS) co ché gay bénh cua vi khuan lao PROCHECK
Mycobacterium tuberculosis
CD20 antigen Nghién ctru vé ciu tric cua khang PSI-BLAST, T-COFFEE, [60]
nguyén CD20, 1a muc tiéu phattrien  SWISS-MODEL, I-TASSER,
cac khang thé don dong méi PHYREZ2, MUSTER,
RAMPAGE
GABA transporter 1~ Thiét ké cac chét ic ché GAT1 nham CLUSTALW, PRIME, [61]
(GAT1) phat trién thuc chong co giat va thubc ~ GLIDE XP, SCHRODINGER
chéng tram cam
Hsp70 Xac dinh cau trdc 3D cua hsp70 BLAST, SWISS-MODEL, [62]
chaperone protein st dung lam muc QMEAN, PSVS
tiéu pho rong mai trong tri ligu ung thur
Parkinson’s linked Xac dinh diém méi trong con dudng MOE, GLIDE 1, MAESTRO, [63]
mutant leucine-rich b&o hiéu cai chét cua té bao than kinh CHARMM
repeat kinase 2
(LRRK2)
Peroxisome Xéc dinh cac phdi tr mai 1am giam thu PRIME, GLIDE XP, [64]
proliferator-activated  thé PPARYy trong céac bién ching tiéu SCHRODINGER
receptor gamma duong tuyp 2
(PPARY)
Ribonucleotide Sang loc cac loai thubc mai trong didu ~ SWISS-MODEL, HHPRED, [65]
reductase & vi khuan tri bénh phong khang thudc PROFUNC, ERRAT,
Mycobacterium WHATIF, PROSA, GLIDE
leprae XP, SCHRODINGER
Thu thé histamine H,  Phét trién thuéc méi chong loét da day BLAST, CLUSTALX, [66]
bang cach nhim muc tiéu thu thé MODELLER, PROCHECK,
histamine H2 AUTODOCK, STRING
Thuthétuyp 1 cua  Thiét ké céc tac nhan ddi khang thu thé BLAST, CLUSTALW, [67]
enzyme angiotensin 11 angiotensin SYBYL, MODELLER,
I-TASSER, PROCHECK,
SURFLEXDOCK
o -glucosidase Thiét ké cac nhém thudc trc ché a- BLAST, PRIME, [68]
glucosidase méi PROCHECK, SITEMAP,
GLIDE XP,
SCHRODINGER,
MAESTRO
Protease tai t hop Sang loc cac chat tc ché cua enzyme SWISS-MODEL, [69]

cua HIV-1 (HIV-
1PrHis)

HIV-1PrHis

MODELLER, PROCHECK

5. Gi6i han cia phwong phap

C6 nhiéu phuong phap dugc ap dung dé xay

dung mo hinh trong m6 hinh hoa tuong dong.
Bén canh cac phuong phap da duoc ap dung
tr 1u thi mot s6 phuong phap voi cac thuat
toan méi da duogc phat trién. Nhiéu nghlen
ctru da chi ra rang khong co chuong trinh mo
hinh hoéa nao vuot trdi vé moi déac tinh so véi
cac chuong trinh khac [18]. Vi vay, viéc lua
chon phuong phap duogc st dung tuy theo dac
diém cua protein quan tim va muc dich ung
dung trong tuong lai cua mo hinh 13 rat quan
trong Hién nay mo hinh dugc xay dyng chu
yéu dya trén su tuong dong trinh ty. Trong

S6 lugng ciu trac 3D protein chat lugng cao
duoc xac dinh da tang 1€n trong nhitng thap
ky qua. Viéc &p dung cac phuo‘ng phap thi
nghiém méi nhu kinh hién vi dién tir Cryo
(Cryo-Electron Mlcroscopy) s€ lam ting sO
luong cau trac 3D duoc xac dinh bang thuc
nghlern [70]. Tuy nhién dén nay cdu tric 3D
cua tat ca cac gap cudn cua proteln trong tw
nhién van chua duoc biét dén. Diéu nay dan
dén khé khin trong vigc xay du'ng cau truc
3D cua proteln khi cdu triic ciia ho protein
chua duogc xac dinh.
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xéc dinh cau tric thyc nghiém, ph01 tur it duogc
xem xét vi chung thuong bi mat trong qua
trinh tinh ché. Thiéu sot nay da dugc xu ly
vGi viée gidi thiéu cac hudng tiép can dé cap
dén trang thai phéi tir. Tuy nhién, cach ti€p
can nhu vay can chuyén mon va can thiép thi
cong mat thoi gian. Do d6, viéc gidi thidu cac
cong cu md hinh tuong dong hoan toan tu
dong co thé giai quyét cac van dé nhu vay la
mot van dé quan trong [6].

Mot han ché khac cua mo hinh tuong dong 1a
sy hién dién cua cac diém loop va rotamer, vi
rat kho de m6 hinh hoa chung ma khong co
dir liéu mau Dé c6 mot mo hinh véi d6 chinh
Xac cao, t01 uu héa ving diém loop va chudi
bén 1a rat quan trong. Trong truong hop ¢o
mue do tuong ty trinh tu thap gilta muyc tiéu
va mau, viéc sir dung nhleu mau la thuén lgi.
Nhung viéc st dung nhiéu mau co thé dan
dén quang sai trong cin chinh trtr khi cac mau
tr cy phat sinh giong hét hodc twong ty dugc
su dung lam chudi muc tiéu. Ngoai ra, vao
cuoi qua trinh md hinh héa twong dong, nhiéu
mo hinh ctia mdt myc tiéu dugce xay dyng noi
chung, Co nhiéu mé hinh duoc tao ra la tin
hi¢u t6t, nhung viéc xac dinh m6 hinh t6t nhat
can duoc nghlen ctru thém. Dé xac dinh mo
hinh t6t nht, cac md hinh dugc xay dung
duoc so sanh bang cach str dung cac tham so
khiac nhau, chiang han nhu diém sé ning
luong protein dwoc tdi wu hoa riéng biét
(discrete optimized protein energy), diém sb
mo hinh mau (template modeling) va gia tri
root-mean-square deviation (RMSD) duogc su
dung dé so sanh [3]. Tham sd xac dinh duoc
quyét dinh tiy thudc vao muc dich cua két
qua mo hinh hoa.

6. Két luan

Tom lai, dé bo sung cho cac phuong phap
thuc nghlem von ton nhiéu thoi g1an chi phi
va nhén lyc, cac phuong phap mo hinh hoa
cAu trac protein sur dung cong cu in silico véi
kha nang dy doan cau triic 3D dang tin cdy s&
duoc tiép tuc ing dung trong nhitng nam tiép
theo. Khi d9 chinh xac cua cac mé hinh duoc
tao ra tang lén, tng dung cta chung trong qua
trinh thiét ké thuoc voi su ho trg cua may tinh
cling tdng theo. Nhu da dé cap, cac mo hinh
thu duoc bang ky thuat nay da dong gop
khong chi truc tiép cho qua trinh thiét ke
thudc ma con cung cap kién thirc cho nhleu
linh vuc khac, tir d6 gop phan vao viéce thiét

ké thubc. Co thé ké dén mot s6 linh vuc nhu:
xac dinh vi tri tac dong va chire nang protein;
danh gia vai tro sinh hoc cua cac dot bién & vi
tri gan két; giai thich céc che do lién két; toi
uu hoa hop chat khoi ngudn; sang loc 4o dwa
trén cau tric, docking phén tir.

Nhimng tién bo trong sinh hoc céu truc thu
duoc bang cach sir dung cic mo hinh tuong
dong da chung minh d9 tin cay cua cac phan
mém hién co6. Sy phat trién gan day cua cac
phin mém niy v6i nhimg cai tlen vé thuat
toan cin chinh, mo hinh héa diém loop va
chudi bén, phat hién 16i va xac nhan mo hinh
da giup cai thién d§ chinh xac cua mo hinh
tao ra. Ngay nay, voi cac phan mém va khudn
mau thich hgp, cdc mo hinh ly thuyet c6 thé
duoc xdy dung véi d§ chinh xac gan véi cac
mo hinh thu dugc bang cac phuong phap thyc
nghlem Nhitng m6 hinh nay da dong gop hiéu
qué, va du kién s& tiép tuc _dong vai tro quan
trong trong qua trinh thiét k& thudc hién dai.

Loi cam on

Nghién ctru duge tai trg boi Truong Pai hoc
Bach khoa — Dai hoc Quoc gia TP. HCM
trong khuon khd d& tai ma sé TNCS-KTHH-
2017-12.
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