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Bai tong quan

Mb hinh héa cau truc protein trén may chia dam may

Lé Manh Liém, Nguyén Van Minh Thudng, Pinh Thuéan Thién, Tran Vian Hiéu"

TOM TAT

Cau trdc khong gian la yéu t6 quyét dinh chiic ndng clia protein. Vi thé, viéc giai ma cach protein
gap cudn da tra thanh bai toan nan giai trong gan ntia thé ky qua. Cac phuong phap xac dinh cau
tric protein cé thé ké dén nhu tinh thé hoc tia X (X-ray crystallography), chup céng hudng tir hat
nhan (NMR Spectroscopy) hay kinh hién vi dién t (Electron Microscopy) lai vé cling tén kém va
mat thai gian do kho khan trong qué trinh tinh thé hoa cdu tric; trong khi d6, cac phuaong phéap
gidi trinh tu thé hé mdi hién nay cho phép xac dinh trinh tu ctia hang chuc ngan phan t trong
vong vai ngay. DE rit ngan khodng cach chénh léch gitta trinh ty va cdu tric protein dugc xac
dinh, cac phuong phap va thuat toan du dodn cau tric protein ti trinh tu amino acid da dugc phat
trién. Nhimg nam gan day, hudng tiép can hoc may (Machine Learning) da dugc cong dong cac
nha nghién ctu quan tdm nhd vao viéc phan tich cac dic trung noi tai cla trinh tu protein dé du
dodn cau truc, nha do giup cac cong cu du doan hién nay c6 thé du doan cau tric protein vai do
chinh xac tiém can véi phuong phap thuc nghiém. Cau tric dugc du doan chinh xac dugc Uing
dung cho qua trinh thiét ké thudc, thiét ké khang thé, tim hiéu vé tuong tac protein-protein, va vdi
c4c phan tr khac. Bai téng quan cung cép thong tin vé cac phuong phap du dodn nhu mo hinh
hod tuong dong, xau chudi/nhan dién gép cudn, du doan ab initio va maét s6 cong cu hd trg trong
viéc du doan cdu trdc protein.

Tu khoa: cong cu du doan cdu tric, du doédn ab initio, du dodn cau tric, danh gia cau trdc, moé
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hinh hoa tuong déng, tinh chinh cdu trdc, xau chudi/nhan dién gdp cudn

GIOI THIEU

C4u trac protein du tién dugc xac dinh 1a cdu tric
myoglobin v&i phuong phap tinh thé hoa tia X. Tu
d6 dén nay da c6 nhiéu phuong phép khac hé trg xac
dinh céu trac protein nhu chup cong hudng tu hat
nhan (NMR), kinh hién vi dién tii (EM); tuy nhién,
cac phuong phdp nay rat phtc tap, ton nhiéu thoi
gian va suc lao dong; cu thé dén ti viéc tinh thé héa
c4u tric protein b2, Céc protein c6 ciu tric bét dinh
(structural disorder), ton tai xodn xuyén mang, hay
¢6 nhiéu ving udén va motif coil-coil trong cdu truc
rit kho dé tinh thé héa’. Ngugc lai, cong nghé gidi
trinh ty thong lugng cao (high-throughput sequenc-
ing) ngay cang phat trién?; diéu nay da tao nén sy
chénh léch s6 lugng trinh ty-cdu tric trén co sg dit
liéu. Nhém rat ngan khoang cach ciu tric-trinh ty,
cac phuong phéap du dodn ciu truc protein dang dugc
quan tam.

Bai tdng quan nay dugc thyc hién v6i mong mudn dua
ra céi nhin tdng quét vé nhiing phuong phép du doan
céu truc protein nhu moé phong tuong dong (homol-
ogy modeling), xau chubi/nhén dién kiéu gép cudn
(threading/fold recognition), du dodn ab initio, gi6i
thiéu mot s6 cong cu da va dang dugc phat trién dé
phuc vu qua trinh du dodn cdu truc protein (Hinh 1).

DU POAN CAU TRUC PROTEIN DUA
TREN KHUON (TEMPLATE-BASED
METHOD - TBM)

Mé phéng tuong déng (Homology model-
ing)

Phuong phédp mé phong tuong dong dugc st dung lan
dau bsi Browne dya trén nguyén tic nhiing protein c6
do tuong déng cao hon 30% thi sé cd ciu truic tuong
tu nhau’. Mb hinh héa tuong déng thusng dugc vu
tién khi can dy dodn ciu tric cho mot protein, véi qua
trinh du dodn cac budc chinh nhu sau:

o Tim kiém va lua chon trinh ty tham chiéu: Trinh
ty tham chiéu c6 thé dugc tim bang cich su
dung cdc cong cu nhu BLAST hoic PSI-BLAST ¢
dé tim cdc trinh ty tuong dong trén PDB. Mot
s6 tiéu chi d€ lya chon trinh tu tham chiéu la
do tuong dong cao, cung ho protein, c6 quan hé
tién hoa gin. Vé6i do tuong dong thap hon 30%
thi két qua sip giong cot tu dong c6 thé khong
t6i uu do cac dot bién diém, dot bién thém doan

hoic mét doan”S.

o M6 hinh héa khung sudn: Cé nhiéu phuong dn
tiép can d€ mo hinh héa cdu truc khung sudn

Trich dan bai bao nay: Liém L M, Thudng N V M, Thién D T, Hiu T V. Mé hinh héa ciu tric protein trén
may chi dam may. Sci. Tech. Dev. J. - Nat. Sci. 2024; 8(1):2828-2837.
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Hinh 1: Quy trinh du doén c4u trdc protein

bao gém t6 hgp khung ctling (rigid body assem-
bly), chia thanh ph4n doan ngén theo toa d6 Ccx,
tich hgp cac thong tin rang bu¢c khong gian vé
do dai va goc lién két (spatial restraint) va dot
bién c4u tric tham chiéu’.

o Mo hinh héa doan uén (loop): M6 hinh doan
udn c6 thé dugc moé phong dya trén cu tric cd
sdn hodc dy dodn ab initio theo phuong phap
Monte Carlo hodc mé phong dong luc hoc phan
i 10

o M0 hinh héa chubi bén: Cac chudi bén thudng
dugc dy doan theo phuong phap trich xuét
tham chiéu tu thu vién rotamer (rotamer li-
brary)!!. Thu vién nay dugc xiy dung tli cac
cdu truc protein c6 san v6i d6 phén giai cao, véi

chubi bén phu hgp véi cdu triic muc tiéu duge
chon dya theo ham nang lugng.

V6i phuong phdp m6 phong tuong dong, chit lugng
mod hinh bi anh hudng boi do tuong dong trinh tu.
Khi d6 tuong déng gidm xudng khoing 30-40% thi
qua trinh sdp giong cdt khé khan hon, dan dén hé
qua 1a 80% nguyén ti khung suon c¢é do 1éch RMSD
khoing 3.5 A 12,

Hién nay, mot s cong cu cho phép du doan mo6 hinh
héa tuong dong c6 thé ké dén nhu 1a SWISS-MODEL
va MODELLER.

SWISS-MODEL (https://swissmodel.expasy.org/) 1a
mot server du doan cdu tric protein dya trén phuong
phdp moé phong tuong dong bao gébm ba ché do du
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dodn: ty dong, sdp giéng cot, va du an'3. Cong cu
QMEAN cing dugc tich hgp d€ danh gid chit lugng
mo hinh dy doén 4.

MODELLER (https://salilab.org/modeller/) 1a mot
phin mém doc lap (stand-alone program) tuong thich
v6i nhiéu hé diéu hanh. MODELLER cho phép tich
hgp cac thong tin cudng ché khong gian (spatial re-
straints) vao qud trinh mo6 hinh héa ciu truc va két
qua dy doan dugc danh gia bing thuat toan DOPE 15,
SWISS-MODEL va MODELLER déu 1a nhiing cong
cu dugc stt dung nhiéu trong du doan céu truc pro-
tein. Tuy nhién, SWISS-MODEL lai dem dén cho
ngudi dung giao dién than thién va tu dong hon so
v6i giao dién cau lénh cia MODELLER. Mic du vy,
MODELLER lai d€ ngudi diing theo doi va diéu khién
tling budc trong qua trinh mo6 phong ciu tric.

Phuong phap xau chuéi/Nhan dién kiéu
gap cudn (Threading/Fold Recognition)
Phuong phép xau chudi (threading) ra d5i nham hé
trg du dodn céc protein c6 do tuong dong thdp hon
30%, dua trén thuc té ring cic trinh ty khac biét hoan
toan c6 thé cé cdu tric gidng nhau '°. Phuong phap
nay con dugc biét dén nhu 1a phuong phap “so sanh
trinh tu véi ciu trac”

Céc buéc chinh ctia phuong phap xau chudi bao gom:

o Xdy dung thu vién cdu triic tham chiéu: Cac cdu
truc va kiéu gép cudn protein c6 thé dugc thu
nhén tli cac co s dit liéu nhu PDB, CATH, FSSP,
va SCOP 7.

o Thiét ké ham chdm diém: Ham chim diém dugc
thiét ké tot sé bao gom céc tiéu chi vé dot bién,
tiém ndng tuong tac gilia cac cdp amino acid,
mtc do phu hgp cta trinh ty véi ciu tric bic
hai, cdc diém phat do méit doan/thém doan,... '

o Sdp giong xdu chubi (threading alignment): Sap
giéng trinh ty muc tiéu véi cic kiéu gip cudn
tiém nang dugc danh gid bai ham chdm diém.

o Xdy dung mé hinh 3D: Céu truc dugc mo hinh
héa bat dau tit viéc chon cac kiéu sap giong xau
chubi co tiém nang 16n nhét réi moé hinh hoa
dua theo ciu triac tham chiéu da chon.

Tuy véy, phuong phap threading van ton tai nhugc
diém chu yéu ndm & ban chét cdu tric protein, cu thé
14 tinh thodi héa kiéu cip cudn va nhiing thiéu sot vé
dit liéu thong tin méi truong khi thiét ké ham cham
diém .

Mot s6 cong cu cho phép du dodn ciu tric protein
bang phuong phép x4u chudi/nhin dién gép cudn cd
thé ké dén bao gém I-TASSER va MUSTER.

I-TASSER  (https://zhanggroup.org/I-TASSER/) la
server du dodn cu truc dugc phat trién bsi Yang
Zhang Lab dya trén thuat toin LOMETS d€ tim kiém
cdu truc tham chiéu, Monte Carlo &€ mé phong va
phén nhém céu trang bang SPICKER. Céc cu tric c6
AG thép tiép tuc dugc cai thién chét lugng moé phong
dong lvc hoc phan tt véi FG-MD va ModRefiner2°,
MUSTER (https://zhanggroup.org/MUSTER/) dugc
x4y dung dua trén thuat todn x4u chudi MUSTER
(MUIti-Sources ThreadER) nhan dién tham chiéu ti
PDB béng quy hoach dong. Trong d9, céc thong tin vé
trinh ty va cdu trac dugc tich hgp vao qud trinh tim
kiém bao gém: hé so trinh ty, cdu tric bic hai, ho so
cdu tric phu thudc do sau, xac sudt tiép xic dung moi,
géc nhi dién khung sudn, va ma tran diém ki nuéc?!.
Ca hai cong cu trén déu dugc phét trién béi nhom
nghién ctiu Yang Zhang. So v6i MUSTER du doan cdu
truc protein dua trén viéc xau chudi tim kiém trinh tu
va mo phong bing MODELLER, I-TASSER st dung
thuat toan mo phong dong luc hoc tich hgp véi kha
nang du dodn tdm hoat tinh va ban thé hoc cta gene
(gene ontology).

DU POAN CAU TRUC PROTEIN
KHONG DUA TREN KHUON
(TEMPLATE-FREE METHOD - TFM)

Thuc té€ cho thiy mot s6 lugng l6n dit liéu trinh tu
khoéng hé tuong dong véi nhiing ho protein da biét
trude do. Vi thé, phuong phap du dodn khong dua
trén khudn mau da ra doi (ab initio). MOt thuét todn
du doén ab initio t6t phai thoa man 3 tiéu chi sau: tich
hop ham ning lugng c¢é d6 chinh xac cao; phuong
phép 14y mau hiéu qua; va tiéu chi lya chon két qua
t6t nhét tit nhitng c4u tric dy doan tiém ning?2.

Ham nang luong

Ham nang lugng biéu dién ciu truc protein dudi dang
cdc gid tri todn hoc, ti d6 dan huéng cho thuat toan
du doén tim ra céc c4u hinh c¢é AG thip nhit. Ham
néng lugng c6 thé dugc phin thanh 2 nhém:

o Ham ndng lugng dva trén vdt Iy hoc: Dy doan
cdu truc protein dugc thuc hién bang cach két
hgp ham nédng lugng vat ly co hoc lugng ti
hay trudng luc véi cic phuong phdp ldy mau
cfu hinh nhanh?*-2>, Mbt s6 trudng luc co
Iy thuyét bao gébm AMBER, CHARMM, OPLS,
GROMOS*.

o Ham ndng lugng thiét ké ti kién thiic va cdc cdu
triic phan mdnh c6 sdn: Cac ham nay dugc thiét
ké bing cach khai thac cac ddc tinh ning lugng
khong phu thudc trinh ty va khong thudc trinh
ty, thé tuong tac phu thudc khoang cach nguyén

2830



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2024, 8(1):2828-2837

td va xu huéng hinh thanh cdu tric bic hai tu
céc cdu tric sdn co trén PDB?7.

Phuong phap lay mau (tim kiém) cau hinh
oMb phéng Monte Carlo (MC): M6 phong MC c6
dién yéu ciu rit nhiéu tai nguyén mdy tinh va dé
gdp sai s6t do cac trang thai 6n dinh gid (meta-
stable state). Mot s6 phuong phap cai tién dé
khéc phuc han ché trén gobm MC trao déi lap
(REM) va MC t6i thiéu héa (MCM) 232,

o Mb phdng dong luc hoc phan tii (MDs): MDs
phan 4nh tuong d6i chinh xdc qué trinh gép
cudn ctia protein nhung lai tén nhiéu tai nguyén
va thoi gian nén thudng xuyén dugc st dung
dé nghién ctiu sy gip cudn cha protein®’. Mo
phong dong luc dong luc hoc phan ti ting
toc (accelerated molecular dynamics - aMD) 1a
phuong phép 14y mau cai thién tit MD ¢6 dién
bang cach gidm thiéu rao chin nang lugng, phan
cach céc trang thai khac nhau ctia hé théng,
giam thoi gian mo phong L.

Phuong phap chon mé hinh két qua
C6 hai nhém phuong an tiép can chinh d€ lya chon
mo hinh dy dodn bao gém phuong dn duya trén ning
lugng (energy-based method) va phuong an dya trén
nang luong tu do (free-energy based method). Cac
phuong phap dua trén nang lugng bao gom:

o Chdm diém dva trén ham ndng ligng vat ly: Do
néang lugng ctia cdu hinh ty nhién thp hon cac
cdu tric moi (structure decoy), cac ham nang
lugng vat ly dugc st dung dé€ hoé trg lya chon
md hinh két qua 2.

o Chdm diém bdng ham ndng lugng dva trén kién
thite: Ham chdm diém dua trén kién thic cé
théla ham nang lugng tho héa (coarse-grained),
trong dé cac amino acid dugc biéu dién dudi
dang mdt hodc mot vai nguyén ti dai dién. Cdu
truc du dodn khong thé hoan toan giéng ciu
tric ty nhién; vi thé yéu cau vé ham chdm diém
cho phép phat hién nhiing ciu hinh gin véi ty
nhién (near-native) dugc dat ra, tuy nhién viéc
phat trién cdc ham nay van con gip nhiéu kho
khin 33,

o Chdm diém dua trén d¢ tuong hgp gitia trinh tu
va cdu triic: Phuong phéap nay khong phu thudc
vao nang lugng ma dua vao do tuong hgp gitia
trinh ty v6i cdu trac. Mot trong cac cach tiép
can dau tién 13 tng dung diém x4u chubi 3D-
1D ctia Luthy dua trén viéc gan cho tiing amino

acid céc diém s6 dugc tinh boi cac thong s6 moi
truong, bao gébm: dién tich viing ki nudc, ty 1é
chu6i bén bao phu bdi nguyén ta O va N, va
cdu tric bac hai 1an can3?. Ngoai ra, ham sai s6
binh phuong ctia Colovos d€ mo ta céc tuong tac
khong cong hoa trj gifia cac cap nguyén ti CC,
CN, CO, NN, NO vi OO ciing dugc st dung .
Nhiéu phuong phap va chuong trinh méi da ra
doi dé€ cai thién phuong phép cta Luthy nhu
VERIFY3D va GenTHREADER *2.

o Phdn nhém cdc cdu tric trung gian: Cac nhém
céu tric dugc phan cum dua trén AG c6 kich
thudc 16n thudng gidng véi cdu truc tu nhién
nhét 3¢, Céc thut todn phan cum phé bién hién
nay 13 SPICKER va ROSETTA Y.

Mot s6 cong cu cho phép du doan cdu truc protein
bing phuong phép ab initio c6 thé ké dén bao gém
Phyre2, RoseTTAFold, MetaFold va néi tiéng nhit
hién nay la AlphaFold2.

Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2) két hgp
nhiéu thuét todn dy doan véi nhau, ching han nhu
HHblits, m6 hinh hidden Markov va HHsearch dé
du dodn ciu truc protein dya trén khuon38. Péi vai
nhiing viing khong c6 cdu tric tham chiéu, thuat toan
poing dugc st dung d€ m6 hinh héa khung sudn caa
protein; poing ting t6c qud trinh gdp cudn bang cach
st dung dong luc hoc Langevin va m6 hinh dung moi
dac biét d€ nhanh chéng déy cac amino acid ki nuéc
vao trong phan 16i; cudi cung, cic chubi bén amino
acid sé dugc dung 1én trén phan khung sudn da dugc
du dodn?°.

RoseTTAFold (https://github.com/RosettaCommons
/RoseTTAFold), phat trién bsi David Baker va cong
sy, dugc xem nhu mot céng cu tién phong trong du
dodn cdu truc protein ab initio. RoseTTAFold dugc
x4y dung véi kién tric mang neuron 3-track (three-
tracked neural network), bao gébm kién tric mang 2-
track két hgp véi mot track cdu tric lam viée trén toa
d6 khung sudn 3D (Hinh 2A). Trong kién tric mang
nay, thong tin sé dugc di chuyén gitia thong tin trinh
tu amino acid (1D), ban d6 khoang cach (2D), va toa
do cdu trac (3D) d€ tim kiém va lién két méi quan
hé gitia trinh tu, khodng cach, va toa d6. Mo hinh
3D cua protein dugc xay dung bing cach két hop va
trung binh héa céc thong tin 1D, khoang cach 2D, va
du doan hudng xoay; sau d6, mo hinh cuéi dugc tao
dung thong qua hai hudng tiép can: pyRosetta va md
hinh SE(3)-Transformer *°.

AlphaFold 2 (https://github.com/google-deepmind/a
Iphafold) 13 hé thdng tri tué nhan tao phét trién boi
DeepMind dugc st dung trong du doén céu tric 3D
cta protein, va dugc xem la 16i gidi cho bai todn
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gip cudn protein*!. So sanh véi RoseTTAFold, Al-
phaFold2 stt dung kién trtic ba module: Module dau
vao: AlphaFold2 tim kiém céc trinh ty tuong ddng véi
trinh ty truy van trong cac co s¢ dii liéu (UniRef90,
UniClust30, BFD,...) va trich xuét cac thong tin dong
tién hoa (co-evolutionary) tii két qua sap giong cot
trinh ty (multiple sequences alignment - MSA) cing
nhu ma tran khodng cach cdp (pairwise distance ma-
trix - PDM). Module Evoformer: Pay dugc xem nhu
may phién dich cac thong tin c6 dugc tit module trudc
bao gom két qua MSA va PDM. Lgi ich quan trong
nhét ctia module nay chinh 1a viéc n6 c6 thé chuyén
d6i thong tin qua lai gitta biéu dién MSA va PDM;
thong tin MSA c6 thé dugc giai thich dudi dang thong
tin PDM va ngugc lai; tit d6, cic thong tin cé thé
dugc cdi thién 14A nhau va dem lai két qua du doén tét
hon. Module ciu truc: bao gom 8 block, module nay
thu nhan cac thong tin c6 dugc ti module Evoformer
ciing v6i khung sudn protein d€ dy doan cdu tric 3D
ctia protein. Ngoai ra, AlphaFold2 con st dung thém
o ché téi ché (recycling) dé tinh chinh ciu tric, ting
do6 chinh x4c ciia mo6 hinh (Hinh 2B). Chinh vi vy,
céu truc du dodn tit AlphaFold2 cho ra két qua c6 do
tin cay cuc ki cao. So sdnh gitta két qua xac dinh ciu
truc béng cac phuong phép thuc nghiém va cdu truc
du doan cho thdy do 1éch RMSD rét thép, chi ti 1-2
A (Hinh 3).

ESMFold (https://esmatlas.com/resources?action=fol
d) dugc phat trién bdi Meta-Al va dya trén mo hinh
ngdn ngii 16n (Large Language Model). ESMFold
duya vao thong tin biéu dién tit mo6 hinh ngdn ngi
dé truyc tiép du dodn cdu truc cho trinh ty dau vao,
thay vi stt dung thong tin MSA nhu AlphaFold2 hay
RoseTTAFold. Sy khéc biét vé kién truc ké trén giap
tiét kiém tai nguyén CPU dung cho MSA va giam s6
chiéu di liéu, giup ESMFold du doan nhanh hon Al-
phaFold2 ti vai 14n dén vai chuc 1an*2.

DANH GIA VA TINH CHINH MO HINH
DU POAN

D¢ chinh xdc ciia md hinh du dodn la mét yéu té quan
trong cho nhiing nghién ctiu co ché phtic tap nhu thiét
ké thudc, khao sat gin protein (protein docking), va
du doén chiic nang protein. Ung véi tiing phuong
phép xdac dinh hay du dodn ma cdu truc ba chiéu pro-
tein c6 thé€ dugc chdp nhén ting dung cho tiing nghién
ctiu khdc nhau (Bang 1).Tuy nhién, cic khiém khuyét
van cé thé xuit hién, dic biét véi cac ciu tric du doan
tli phuong phap khong dya trén khuon 3.

Biéu d6 Ramachandran biéu dién cic géc quay y
(psi) va @ (phi) ctia chudi bén protein dugc stt dung dé
danh gia chit lugng hda hoc lap thé ctia protein. Mbi

t6 hop quay phi-psi sé thu¢c mot viing ciu tric béc
hai nhét dinh, néu cdu tric protein dy dodn la dang
tin cdy thi hdu hét cac cip goc sé rai vao nhiing ving
cho phép trén biéu d6**.

SAVES (https://saves.mbi.ucla.edu/) 1a mot goi danh
gid chdt lugng ctia mo hinh du dodn dugc tich hgp
nhiéu cong cu khac nhau nhu VERIFY3D, ERRAT, va
PROCHECK **¢.

Tinh chinh c4u tric (structure refinement) la buéc
quan trong trong qua trinh dy dodn d€ mé hinh tiém
cén do chinh xdac véi ciu tric thuc té€ thong qua qua
trinh diéu chinh cu trac bac hai va tdi dong goi chudi
bén*’. Qua trinh tinh chinh bao gém hai buéc chinh:
14y mau va chim diém tuong ty nhu mé phong ciu
trac.

ModRefiner (https://zhanggroup.org/ModRefiner/)
cho phép tinh chinh protein véi d¢ phan giai cao.
Qua trinh tinh chinh bt d4u ti Ca dén moé hinh
héa mach chinh va toan b nguyén tt. Ca chudi bén
va mach chinh déu linh doéng trong m6 phong tinh
chinh c8u tric, trong d6 viéc tim kiém ciu truc duge
dinh huéng bing trudng luc?®.

MOT SO UNG DUNG MO HINH HOA
CAU TRUC

Dai dich Covid-19 d3 m& ra nhiéu chién lugc nghién
ctiu nhim tc ché, diéu tri, va phong nglia sy xdm
nhiém ctia SARS-CoV-2. Céc nha khoa hoc da tim
kiém va danh gid kha ning Gc ché cc protein quan
trong trong viéc nhéan 1én ctia virus nhu 3Clpro, Mpro,
nspl2, nspl5 va nspl6. Két qua cho théy, nhiéu hgp
chét tong hgp nhu saquinavir, aclarubicin, ZG-7 hay
ti ty nhién nhu absinthin, curcumin déu cé tiém
ning tc ché cao v6i nhiing protein néu trén 4952,

Trong nghién ctiu ndm 2020, Kar va cdng su da ting
dung phuong phap mé hinh héa cdu trac protein dé
thiét k€ va ddnh gid vaccine da epitope ngiia bénh
COVID-19 do virus SARS-CoV-2. Sau khi du dodn
cac epitope tiém nang, nhom tac gia da st dung web-
server trRosetta d€ du dodn ciu tric vaccine va sau
d6 nghién ctiu tuong tdc ctia vaccine véi cac thy thé
ctia hé mién dich (Hinh 4)°3. Tuong tu trén nghién
cliu clia Ariz va cong su nhim thiét ké mot loai vac-
cine cho bénh d4u mua khi, nhém tac gia da st dung
t6 hop cac phuong phép tin sinh hoc cdu truc, bao
gom mo hinh héa cdu tric protein bang I-TASSER va
RoseTTAFold d€ md hinh héa ciu triic clia vaccine >*.
Viéc thiét ké khang thé trung hoa trong béi canh dai
dich cting la mot chién lugc bén canh cong cudc phat
trién vaccine. Bédng viéc st dung phuong phip mo
hinh héa tuong dong va machine learning, st dung
cdu truc protein gai ctia SARS-CoV-1 va hé thdng
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Hinh 2: Kién tric m6 hinh du doan cau trdc protein clia RoseTTAFold (A) va AlphaFold2 (B)

Bang 1: Pé chinh xac va tiém nang ing dung cta cau tric protein xac dinh theo phuong phap thuc nghiém, mé
hinh hoa tuong déng, xau chuéi va du doan ab initio

Do tuong dong gitta PO phéan gidi va do chinhxdccia  Phuong phap Ung dung ctia mé hinh du doan
cdu tric tham chiéu  mo hinh du dodn
va muc tiéu

100% <1 A (100%) Tinh thé héa  Nghién ctiu co ché xuc tac
tia X
Cong  hudng
ti  hat nhan

(NMR)
Thiét ké va cai thién phdi ti
50% 1.5 A (95%) M6 hinh héa  Du doan phdi tti/thu thé
tuong dong
Xéc dinh epitope khéng thé
30% 3.5 A (80%) Xau chuoi Nghién ctiu tic dong ctia dot bién diém
Cai thién chétlugng cho ciu trutc NMR
Khong dédng ké 4-8 A (~80 amino acid dugc du Dy dodnabini- Két hgp véi ban d6 dién tit c6 d6 phan
doan chinh xac) tio giai thap

Nhén dién viing béo ton ctia cic amino
acid trén bé mat protein
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T1037 |/ 6vr4
90.7 GDT
(RNA polymerase domain)

T1049 / 6yaf
93.3 GDT
(adhesin tip)

@ CéAu tric thye nghiém

@ Céutruc dy doan

Hinh 3: So sanh d6 tuong déng gitia cau tric thuc nghiém va cau tric du doan tir AlphaFold2

AS2TS, nam 2020, Thomas Desautels va cong sy da
cho ra 20 mé hinh khéang thé trung hoa cho SARS-
CoV-2, c¢6 kha nang lién két t6t voi thu thé ACE2 ti
89.263 mo hinh°°,

KET LUAN

Méi quan tim vé qud trinh gdp cudn va tuong tac
protein-protein dugc xem nhu la vin dé c6t 16i trong
linh vuc sinh hoc cu truc. Dy doan céu truc protein
béng dién todn ddm may da ra d5i nhu mot chia khéa
m& ra cd hoi nghién ctu sau va rong hon cho gisi
khoa hoc cling nhu rut ngin chénh 1éch gitia s6 lugng
trinh ty va ciu tric xdc dinh. Nhiing thuét toan, ham
s6 vatly va cong nghé dii liéu méi ngdy cang phét trién
da gop phan ddy manh cong cudc gidi ma ciu tric pro-
tein. Nam 2021, AlphaFold 2 ra doi va dugc xem nhu
la 16 giai cho bai toan gdp cudn protein da ton tai gin
50 ndm. Nhiing hiéu biét vé cdu tric dem lai cho cac
nha nghién ctiu ci nhin sdu hon vé co ché hoat dong
clia nhiing dai phén tl sinh hoc nay va ting dung cho
viéc phat trién vaccine, khing thé, va thiét ké thudc
trong tuong lai.

DANH MUC TU VIET TAT

MR : Nuclear Magnetic Resonance

EM: Electron Microscope

CSDL: Co Sé Dii Liéu

PDB: Protein Data Bank

BLAST: Basic Local Alignment Search Tool
PSI-BLAST: Position-Specific Iterative Basic Local
Alignment Search Tool

FPPS: Families of Structurally Similar Proteins
SCOP: Structural Classification of Proteins
DOPE: Discrete Optimized Protein Energy
MC: Monte Carlo

REM: Replica Exchange Monte Carlo

MCM: Monte Carlo-minimization

MDs: Molecular Dynamics Simulation

aMD: accelerated Molecular Dynamics

XUNG POT LOI iCH

Céc tac gia cam két khong c6 xung dot Igi ich.

PONG GOP CUA CAC TAC GIA

Lé Manh Liém: viét, t6ng hgp va chinh stia ban thdo
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Hinh 4: Két qua m6 phéng cdu tric vaccine da epitope phong SARS-CoV-2 clia Kar va cong su. A) Thiét ké vaccine
tUr cac epitope lién tuc tir CTL, HTL va IFNy; B) mé hinh 3D cua vaccine; C) danh gia chét lugng cau tric théng
qua ERRAT; D) danh gia chat lugng cdu tric bang ProSA; E) danh gia chat lugng lap thé cdu tric bang biéu do

Ramachandran

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

DPinh Thuén Thién: lén y tudng, viét, tdng hgp va
chinh stia ban thao

Tran Vin Hiéu: 1én y tudng, tham gia chinh stia ban

thao va chip thuén ban thao.

Tht ca cac tac gid dong y v6i ban thao cudi cling.
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Protein structure modeling using cloud-based server

Liem Manh Le, Thuong Minh Van Nguyen, Thien Thuan Dinh, Hieu Van Tran"

ABSTRACT

The structure of a protein plays an important role in determining its function. Deciphering how pro-
teins fold has thus been a puzzle for nearly a half-century. Structure determination methods such as
X-ray crystallography, uclear magnetic resonance spectroscopy or electron microscopy are tedious
and time-consuming; meanwhile, new-generation sequencing methods are producing massive
amounts of protein data in a matter of days. To bridge the protein sequence-structure gap, meth-
ods and algorithms for predicting protein 3D structure starting from only its amino acid sequence
have been developed. In recent years, machine learning has been of interest to the research com-
munity thanks to its work in analyzing intrinsic features of proteins to predict their structure, novel
computational methods capable of modeling protein structures to near experimental accuracy. Ac-
curately predicted structure are used for drug and antibody design, understanding protein-protein
interactions, and with other molecules. This review provides information about multiple prediction
methods and tools for protein structure prediction.

Key words: ab initio modeling, homology modeling, protein modeling tools, structural evaluation,
structural prediction, structural refinement, threading/fold recognition
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