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Tém tit. Tim kiém sy twong ddng vé cdu tric bac ba cua cac protein
trong co s& dit liéu ciu triic protein 1on 1a mot bai toan phic tap va doi
hoi nhiéu thoi gian xtr 1y. S6 lwong cac ciu trac protein dwgc kham pha
ngdy cang gia ting nhanh chéng va trong cac co s¢ dir liéu vé cdu trac
protein viéc 1ap chi muc cho céc protein s& gitip thao tac tim kiém, so
sanh ciu tric thyc hién nhanh hon va hiéu qua hon. Trong bai bao nay
trinh bay mot phuong phép 1ap chi muc cho co s dit lidu ciu tric protein
thong qua viéc phan tich ciu truc, tir d6 rit ra vector dic trung va xay
dyng mot cAu trac cay dya trén cac vector déc trung dé 1ap chi myc cho
clu trac protein. Vi co s¢ dit liéu dd dwoc 1ap chi muc, viéc tim kiém
mot cu tric protein hodc mot cAu trac con trong protein tré nén nhanh

chong va chinh xac hon.

Tir khoa: Céu triic protein bac ba, 1ap chi muyc, co so dit li€u protein.

1. Patvan dé
Protein 1a mot chudi polypeptide dugc tao thanh tir cac axit amin. Nghién ciru
protein déng vai trd quan trong, vi ching hoat dong trong tit ca cac qua trinh sinh hoc,

bao gdm ca xuc tac enzym (tat ca cic phan tmg hoa hoc trong té bao sdng dugc xuc tac



boi enzyme protein), van chuyén cac chat khac nhau nhu dudng khi, céc ion ..., va tin
hiéu. B¢ hiéu dugc mdi quan hé giira cu triic va chirc ning ciia protein, cac nha nghién
clru can phai lay tir co so dir liéu cau tric protein va phan loai ching thanh cac ho
protein khac nhau.Véan dé quan trong trong viéc gom nhém cac protein dya trén su
twong dong ciu trac nhim muyc tiéu:

o Phét hién cac mdi quan hé tién hoa

o Xac dinh cac motif (doan lap), 1a nhitng cAu tric dugc hinh thanh boi su
sap xép cuia cac axit amin trong khong gian ba chiéu

o Phét hién mdi quan hé giira cdu tric va chirc ning cua protein

o Hbd tro trong viéc thiét ké thudc tri bénh

o Phat hién céc trinh tu c6 lién quan dén bénh ung thu va cac bénh khac.

V6i su d6i m6i cong nghé va phat trién nhanh chéng ciia cic phuong phap xac
dinh cAu trc protein nhu: phuong phap X-quang tinh thé, ky thuat phan tich quang phd
NMR..., mét s6 lwong 16n cac cdu truc 3 chidu cua cac phan tir protein méi di duoc xac
dinh. Cac ciu trac nay hién dang dugc luu trir tai nhiéu co sé dit lidu trén internet va
cung cdp mién phi cho cic nha nghién ctru, c6 thé ké dén:

o Ngan hang dir liéu protein PDB [1] (Protein Data Bank) thugc phong thi
nghi¢m RCSB (Research Collaboratory for Structural Bioinformatics): bao
gdm 73153 cau tric

o SCOP Structural Classification of Proteins [2]: bao gdm 38221 c4u triic

o CATH Protein Structure Classification [3]: bao gdbm 104238 céu tric

o ModBase Database of Comparative Protein Structure Models (Sali Lab,
UCSF): bao gom 41140 ciu truc

Tim kiém su tuong déng vé céu trac bac ba cia mot protein hodc mot cAu trac
con cuia protein bat ky trong co s& dir liéu ciu triic protein ngay cang 16n 1a mot nhiém
vu kho khin va ton thoi gian. Vi vy cac nha sinh hoc dang can mot phwong tién dé tim
kiém co s& dit lidu cAu trac protein nhanh chéng va hiéu qué, trong tw nhu cach BLAST
[5] tim kiém trong co s& dit liéu trinh tw. Bai toan tim kiém va phan loai protein thudng
trai qua hai giai doan: rut trich dic trung mé ta cho protein va do su giéng nhau vé dic

trung clia cac protein dé phén loai chiing.



Dé thuc hién rat trich dic trung cia clu tric protein co rat nhidu thuat toan,
thuat toan CTSS [6] xap xi ciu trac cac Ca xuong séng clia protein bang mot duong
spline min v&i d6 cong tdi thiéu, sau d6 luu trir duong cong, goc xodn va cau tric béac
hai ctia mdi nguyén tir Ca trong mot muc chi sé dya trén phép bam.

ProGreSS [5] 1a mot phuong phap méi, thuc hién rat trich ddc trung tir cau trac
két hop véi trinh tu thong qua mot cira s truot trén ciu tric xuong sdng ciia protein.
Dic trung vé cu tric ciia nd twong ty nhu cac dic trung rit ra tir CTSS (d6 cong, goc
x04n, va thong tin cAu tric bac hai); cac chudi dic trung duoc tinh toan tir viée str dung
ma tran diém nhu PAM hodc BLOSUM. Gibéng nhu CTSS, cac dic trung rut ra tir
ProGreSS khong phai 1a dac trung cuc bo.

Thuat toan PSIST[7] la mdt trong sb cac thuat toan hiéu qua vi c6 d6 chinh xac
tuong dbi cao, cach tiép can ciia thuat toan PSIST 14 bién ddi cac thong tin cau tric cuc
bd cua mdt protein thanh mot "trinh ty" va dya trén tap cac “trinh ty” d6 xay dung mot
cay hau tb phuc vu cho viéc tim kiém. So véi cach rat trich cac dic trung cuc bd tr mot
axit amin duy nhat, thi cach rit trich dic trung theo cira s6 truot trong hudng tiép can
cua thuat toan PSIST la tdt hon vi vector dic trung ham chtra ca hai thong tin tinh tién
va xoay & bén trong. Sau khi cac vecto ddc trung duge chuan hoa, cau trac protein
duoc chuyén thanh mot chudi (goi 12 trinh ty dic tru‘ng—céu tric) cua cac ky hi¢u duoc
roi rac hoa.

Tuy nhién viéc tim kiém trén cay hau t thuc su chua dat hiéu qua cao vé toc do,
thuat toan PSISA[8] sir dung hudng tiép can trich vector dic trung gidng PSIST, nhung
thay vi dung cdy hau t6 thi thudt toan nay sir dung mang hau t trong phwong phap
danh chi myc nhim ting toc d6 tim kiém. Két qua thuc nghiém trong PSISA chi ra
rang, danh chi myc bang mang hau té giup tang toc do tim kiém nhung dong thoi ciing
lam gia tang kha nang st dung bo nhé véi hé s6 1én dén hon 35% so véi cdy hau t6 nhu
trong PSIST.

Trong bai bao nay, trinh bay mot phuong phap 1ap chi muc cho co s¢ dit liéu
cAu triic protein thong qua viéc ké thira thuat toan PSIST dé rut ra vector dic trung va
tur tap cac vector dic trung bai bao dé xuit xay dung mot cAu tric cay chi myc dua trén
viéc ghép nhanh cac chudi vector dic trung, cdu triic cay nay vira giup han ché viéc st

dung b nhd va vira cho phép tim kiém trén khong gian clia toan bd cac céu tric thude



céc ho protein khac nhau, diéu nay gitup cho viéc tim kiém mot céu triic protein hodc
mdt tiéu cdu tric trong protein trd nén nhanh chéng va chinh xac hon.

Céc ndi dung con lai cuia bai bao dugc trinh bay nhu sau: phan thi hai trinh bay
phuong phap 1ap chi myc dit lidu cdu trac protein, cach thic rat trich vector dic trung,
chuan hoa vector dic trung, ciing nhu viéc xay dung cdy chi muc; phan thir ba néu lén
mot sb thir nghiém tir ngudn dir lidu cau tric protein, viéc truy van trén ngudn dir lidu
nay; phan cudi cuing trinh bay mot sé danh gia va két luan.

2. Lap chi myc dir li¢u ciu tric protein
a) Rat trich vector dic trung

Mai protein 1a mot to hop ctia mot chudi co thir tw cac axit amin (residue) dugc
lién két voi nhau boi cac lién két peptide. Mdi residue gdbm mot Cy,, cac N va C khac.
Chiéu dai cua lién két, goc lién két va cac goc xodn hoan toan xac dinh ciu tao va hinh
hoc cua protein.

Do dai lién két 1a khoang cach giita cac nguyén tir dugce ndi két duge tinh bang
don vi Amstrong (:\ ), va goc lién két 1a goc giira hai lién két cong hoa tri ciia ciing mot
nguyén tir. Vi du, d6 dai lién két giira cip nguyén tir N-C 13 1.33 A, goc lién két giira
C,-N vaN-C la 122°.
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123.68
Peptide bond

Hinh 1. Do dai lién két va cac goc lién két giita cac nguyén tir
Géc xodn dung dé mo ta cac ciu tric c6 thé xoay quanh cac lién két. Gia sir ta co
bén nguyén tu dugc két ndi thong qua ba lién Kkét By, B; va By, thi goc xo0dn ctia mdi
lién két B; dugc dinh nghia bang goc nhé nhét cua cac hinh chiéu B, va By, 1én mat

phing vuéng goc véi B;
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Hinh 2. Cac goc xodn ¢, ¢ va o giita cac nguyén tir

bé chup duogc cac dac trung cuc bo mot cach chinh xac hon, can phai trich xuét
cac déc trung tor mot tap cac residue cuc bd. Dé tao ra vector dic trung cuc b, du tién
mo ta tung residue riéng bi¢t va xac dinh sy lién hé gifta mot cap residue va gitra mot
tap céc residue v6i nhau. Vi mdi residue, do dai lién két Co-N 1a 1.46 A, lién két C,-C
a1.51A va goc giita Cy-N va Co-C 12 116°. Nhu vay tht ca cic tam gidc tao nén tir cic
nguyén tir N-C,-C ciia mdi residue 1a trong dwong nhu nhau va mdi residue c¢6 thé dai
dién boi mot tam giac.

Khoang cach d gitta mot cap residue dugc xac dinh dya trén khoang cach
Euclide giita hai nguyén tir C,, cua chung. Cong thirc (1) dugc sir dung dé tinh toan

khoang cach giira hai residue

n
dlz.y) = |I - ¥ | = QZ(-I?' — y;)?
i=1
(1)

Géc 0 gitra mot cap residue duoc xac dinh bang goc giira hai mit phing tao nén

tir ba nguyén tir N-C,-C ctia mdi residue.

C
Hinh 3. Khoang cach va gdc gitta hai residue



Khoang cach va goc 1a bat bién dbi v6i phép dich chuyén va xoay protein.
Khoang cach Euclide gitra hai nguyén tir C, dwoc tinh tryc tiép tir cac toa do trong
khong gian ba chiéu ciia ching. Goc giita hai mit phing tao nén tir b ba nguyén tir N-
C4-C duoc tinh toan dua trén goc cta cip vector phap tuyén co gdc xuat phat tir nguyén
tr C, ciia mdi mit phang. Vector phap tuyén nay dugc tinh boi cong thire (2)
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Goéc gitra hai vector phap tuyén nl va n2 duoc tinh theo cong thirc (3)
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Pé mo ta cac dic trung cuc bd tir mot tap cac residue, nhom tac gia dung mot
clra s0 ¢6 kich thudc w truot qua trén chudi C, xuong sdng ciia protein. Cac khoang
céch va cac goc giira residue dau tién va cac residue con lai trong cira s6 s& duoc tinh
toan va thém vao vector dic trung, mdi ctra s6 ing véi mot vector dic trung.

Cho tap P={py,p,,..pn} dai dién cho mot protein, trong do p; 1a residue tht i trong
clu trac xwong sdng cua protein. Vector dic trung cua protein dugce dinh nghia l1a
P={pvi> Pv2> -+» Pvn-w+1}, trong d6 w 1a do rong ctra s6 trugt va pvi 1a vector déc trung co

pui=(d(pi,pi+1)> €OSO(PiPi+1)s--» A(PisPitw-1)s COSO(Pi,Pi+w-1))
voi d(p;, pj) 1a khoang cach giira hai residue thir i va j va cos0(p;,p;) cho bdi goc giita hai
residue. Vi ctra s ¢6 kich thudc w thi chidu ciia mdi vector dic trung py; 1a 2(w-1).

b) Chuén hoa vector dic trung

Do cac vector dic trung chira cac thong tin vé khoang cach va goc lién két voi
don vi do luong khac nhau nén can phai duoc chuén hod. Thém nita viéc chuin hoé s&
gitip han ché b6t mién gia tri cta cac thanh phéan trong vector dic trung. Goc 0 thudc
pham vi [0, 7], vi vAy cos 0 € [-1, 1]. DBé chudn hoa khoang cach, chiing ta can phai biét
can trén vé khoang cach giira residue thu i va residue thir (i+w-1) trong protein.

Tt ca cac khoang cach va cac goc déu duoc chuan hoa va dua vé mot sd nguyén
trong khoang [0, b-1] v&i b 1a mot tham s6 cho trude.

Maéi khoang cach d trong vector dic trung s& dugc chuin hoa theo cong thirc (4)
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trong cong thirc (4) gia tri hing sé 4.025 1a khoang cach trung binh giita hai nguyén tr
C, , va w la do rong clra $6 truot.
Céc goc trong vector dic trung s& duoc chudn hoa theo cong thire (5)

(cos@+1)*b
cos 0= f %)

Sau khi chuén hod, c4u tric protein s& duoc biéu dién biang mot chudi “trinh ty”
cac gia tri roi rac theo cac vector dac trung, trong dé vector thir i biéu dién dic trung
clia residue thir i trong chudi xuong sdng ciia protein.

c) Xay dwng cdy chi muc

Pé tién hanh 1ap chi myc cho tap dit li¢u cAu tric protein, bai bao dé xuét xay
dung mét cdu trac cdy nhiéu nhanh theo thuét toan nhu trong hinh 4.

Pau tién, thuat toan s& doc dit lidu cAu tric cla tirng protein trong co so dit liéu,
sau d6 tién hanh rut trich dic trung dua theo thuat toan da trinh bay nham “trinh tu” hoa
cAu trac ba chiéu cua mdi protein bang mot tap cac vector dic trung tmg véi cau triic
xuong séng cia nd. Sau khi chuan hod cac vector didc trung, mdi “trinh ty” cau trac

protein s& dugc thém vao trong cay chi muc dé phuc vu cho viéc tra ctiru .

| Tao nat gée cho cay |
| Duyét CSDL | <

v

| Chon 1 protein trong CSDL |
3

‘ Rut trich cac vector dic trwng |
v

| Chuén hoa va biéu dién |
v

| Goi ham Insert_tree([P],T) |

Kiém tra hét
Protein chwa?

| { Cay chi muc} |

Hinh 4. Thuét toan tao cdy chi muc dua trén didc trung cau tric cua protein.



Vi du: Xay dung cay chi muyc tir tip gdm sau ciu triic protein da trinh tu hoa, &
day mdi trinh tu protein dugc biéu didn boi mot tap cac ky tw, mdi ky tw Gmg v6i mot
vector dac trung da dugc chuén hoa.

P1={a,b,d,f,a,h}; P2={b,a,d,b,d}; P3={a,b,c,b,d,s,f};

P4={c,a,b,a,b,c}; P5={c,a,b,c.c.b}; P6={a,c,b,a,d};

Két qua s& duoc cdu tric cay nhu hinh 5.
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Hinh 5. Cay chi myc dua trén dic trung ciu tric clia cac protein.
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d) Truy vén dir liéu trén cdy chi muc

Cho mét truy vén Q, trude tién cac vector dic trung cla ciu tric Q s& dugc trich
Xuét va chuyén ddi thanh mot chudi “trinh ty” nhu mé ta trong muc 2a va 2b. Sau do,
vi€c tra cuu s€ dugc thuc hién qua ba giai doan: tim kiém, xép hang va chon tdi wu. Giai
doan tim kiém thong ké cac ciu tric trong co so dir liéu phi hop v6i Q theo mot
ngudng khoang cach & giira cac vector, giai doan thtr hai xép hang tit ca cac protein
chtra chudi phu hop tim thdy, va giai doan sau cung sit dung thuit toan Smith-
Waterman[9] dé tim kiém c4u trac twong ddng cuc b tét nhit duwa trén truy van Q va
tap gém cac protein dugc lya chon.

Thuat toan tim kiém mau truy van Q trén cau tric cdy chi muc dugc trinh bay
nhu sau:

Input: doan ciu trac protein Q, ngudng so khép nho nhét €

Output: Tép cac cdu tric protein thoa diéu kién tim kiém duoc sip xép theo sb

luong residue so khop giam dan
Function Search(tree Root, mirc i, chudi truy vin Q, nguwéng & ){
While (i < (chiéu cao cdy -dg dai chudi Q)){
- Gom nhanh theo muc i;

- For each node tai muc i



o Néu (node N[j] trimg khép voi Q[0])
= For each nhanh con ciia N[j]: Néu so khép véi phan
con lai ciia chuéi Q thod nguong ¢ thi:
e Thém nhanh vao tdp két qua
e Loai nhanh khéi cdy
= Return Search (Root, i+1, Q[0], );
o Nguwoc lai
= Return Search (N[j], i+1, Q[i+1], &);
} end while

Jend function

Function Query (tree Root, méu truy vin Q, top k méu can chon, ngwing &){

Khdi tao tdp két qua réng;

Rut trich ddc trung va tao chudi trinh tw cdu triic cho truy vian Q

Xay dung cay chi muc;

Search (Root, i=0, Q, &),

Sdp xép tap két qua giam dan theo s6 heong so khép m;

Chon k mdu tot nhdt trong tdp két qua va dp dung thudt toan Smith-Waterman

tim sdp hang cau triic cuc bé tot nhat.

Jend function

Vi du: Tim kiém mAu truy van Q={b,c,d,b}trén ciy chi muyc tir tip cac cau tric protein

da trinh ty hoa v&i ngudng e=3. Tap gém P1={ab,d,f,a,h}; P2={b,a,d,b,c};
P3={a,b,c,d,b,s,f}; P4={c,b,c,a,b,c}; P5={c,b,c,c,d,b}; P6={a,c,b,a,d}

Truy vén tai mtc gbe (mirc 0)=> Tap két qua={P2 (s so khép m=3)}

o>

o
<—n—
n—n—n—n = “/Q
c(2) wul b2 — i3 “‘.




e Truy van tai mtc 1-> Tap két qua={P4 (s so khép m=3), P3 (m=4)}

n——n—n@
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n——n - *.
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e Truy van tai mirc 2-> Tap két qua={P5 (s so khép m=3)}

3. Mot s6 két qua thir nghiém
a) Cac nguén dir ligu cau tric protein

Céac chu trac protein bac ba dugc luu trir nhiéu tai ngan hang dir li¢u Protein
(PDB — Protein Data Bank) [1], d6 1a kho luu trit chinh cho thyc nghiém xéc dinh cdu
tric bac ba cua Protein. Ngan hang PDB dugc tao ra vao nam 1971 tai Phong thi
nghiém qudc gia Brookhaven (BNL) & My. Nhirng cau tric dugc xac dinh nho sir dung
phuong phap tinh thé hoc. Hién nay c6 hon 73153 cdu trac protein trong kho luu trit tai
PDB va hang nam c6 hon 6000 cong trinh méi duoce luu trir.

Céc protein trong co s& dir liu SCOP [2], duoc to chic tai Phong thi nghiém
Sinh hoc Phan tir ciia Hoi ddng Nghién ctru Y khoa (MRC) ¢ Cambridge, Anh, mé ta
cac mdi quan hé cdu tric va tién hoa giita cac ciu tric protein da dugc biét dén. SCOP
da duoc chép nhén la phu hop nhét va phan loai cac tap dir liéu dang tin cdy nhét, do
thuc té ring SCOP xay dung quyét dinh phan loai cia n6 dya trén nhitng quan sat truc
quan cac yéu td cdu tric ciia protein do cac chuyén gia thuc hién. Protein dugc phan loai
mdt cach c6 thir bac, phan anh méi quan hé cua ching vé ciu triic va tién hoa. Cac cip

chinh ciia hé théng phan cép 1a "ho gia dinh" (family) (dua trén cac méi quan hé tién
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hoa cua cac protein), "siéu ho" (superfamily) (dwa trén mot sd dac diém chung vé cau
tric), va "gap cudn” (fold) (dua trén cac yéu tb cau trac bac hai).

Co s¢ dit liéu CATH [3], duoc t6 chuc tai Pai hoc UCL London, hién c6 104238
ciu truc, st dung phuong phap ty dong dé phan loai protein, va ciing c6 nhiing déng
gop cuia cac chuyén gia khi phwong phép tu dong khong cho két qua dang tin cay. Co s&
dir litu CATH duoc xay dung bang cach 4p dung cong cu so sanh cdu truc bac hai
SSAP. SSAP sir dung mot k¥ thuat 1ap trinh quy hoach dong hai 16p dé so khép hai
protein va tim ra cdu triic lién két toi wu ctia hai protein.

Co so dir licu FSSP [4] da duoc tao ra theo phuong phap phan loai DALI va
duogc to chire tai Vién Tin sinh hoc chiau Au (EBI). N6 cung cép mot phan loai phurc tap
clia cac céu trac protein. Sy tuong tu gitta hai protein dugc xac dinh dya trén cAu trac
béc hai ciia chiing. Viéc danh gia ting cip protein 1a mot cong viée ton thoi gian, vi vy
viéc so sanh gitta mot dai phan tir va tht ca cac dai phén tr cla cac co sd dir li€u co thé
mat ca ngay. Do d6, mot protein dai dién cho mdi 16p duoc xac dinh va mdi protein méi
chi phai so khép vai protein dai dién cua ting loai.

b) Té chirc lwu triv

Céc cdu tric bac ba cia protein thong thudng duoc luu trir theo cac dinh dang
nhu: MMDB “Molecular Modeling DataBank” (dinh dang chudn mé ta thong tin cac
lién két peptide), mmCIF “Chemical Interchange Format” (dang co s& dit liéu quan hé)
va PDB “Protein DataBank” (dang c6t vin ban voi nhiéu myc thong tin tich hop).

Trong s6 cac dinh dang néu trén thi dinh dang PDB 14 ph bién hon c4, trong tap
tin PDB luu trit cac thong tin vé toa do ciia cic nguyén tir trong khong gian ba chiéu
theo hé quy chiéu Euclide, ngoai ra con c6 cac thong tin vé tac gia, cac tham chiéu, va

cac két qua thyc nghiém xac dinh cau tric protein.
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Atom Type

Residue Type
Atom No. Occupancy Temperature Factor

Residue No.

(C6 thé c6 nhiéu Model

Model Number i
Trong mdt file PDB)

Atom Identifier

Chain Identifier

Hinh 6. M6t phan ciu truc tap tin PDB

Nhom tac gia bai bao da thyc hién thu thap cac cAu truc d3 duge cong bd tir cac
ngudn [1, 2, 3, 4] duéi dinh dang PDB va 6 chire luu trit trong mot co s& dit liéu quan

hé d¢€ thuén tién cho viéc 1ap chi muc va tra ctru. M6 hinh co s& dir li€u quan hé duogc de

xuat nhu trong hinh 7.
S
Protein_Index * Protein * |
R = 7 P Protein_Ref *
& o AE— § REFERENCE_ID
SFSequance ProteinName L
PDEFile
Description
; o
IndexParams * S
Aurthors
9 ID
S PublicInfo
DERef
Distance_Ubound Sepusnce Reference *
Einned_Ubound SacondaryStructures @ REFERENCE_ID
SymmetryDete LENGHT
f— AUTHORS
- Connact TITLE
7 RID NTerminzl JOURNAL
PID CTerminal MEDLINE
Réuthar
RContents
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¢) Mot sé két qua thir nghiém

Duéi dy 1a mot s6 két qua thir nghiém: Tap dir liéu D ding cho thir nghiém
dugc it trich tir co so dir liéu SCOP [2] gdm cac protein thudc ca bén 16p: cudn a,
phién B, o+ va a/B. Tap dit lidu bao gdm 10 protein thudc mdi “siéu ho” (superfamily)
trong tong s6 181 “siéu ho” cia SCOP, nhu vay c6 tong cong 1810 protein. Mau truy
vén s& dugc ldy ngau nhién tir tap dir liéu D trong céc thir nghiém. C6 5 tham sb trong
cac thir nghiém gém: w 1a d¢ rong cira s6, b 1a gia tri chuén hoa, ¢ ngudng khoang cach
tbi thiéu gitra hai vector, 11a do dai t6i thiéu phai dat cua chudi so khép 16n nhat va k 1a
sO lugng protein duge 14y tir trén xudng theo diém s6. Thuat toan duoc cai dat bang
C++ va chay thir nghiém trén moéi trudong Windows vé6i cau hinh may CPU Dual
1.6GHz, RAM 2GB. Sé protein thé hién trong d thi 1 s trung binh cac protein tim

thiy trong 181 “siéu ho” qua céc thir nghiém.
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1 1
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Hinh 8. S6 protein tim thiy Hinh 9. S6 protein tim thay
trong cung superfamily theo so trong cung superfamily theo
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Khoang cach & Gia tr chuén hoa b
Hinh 10. S6 protein tim thay Hinh 11. S6 protein tim thay
trong cung superfamily theo trong cung superfamily theo
ngudng khoang cach ¢ gia tri chuan hoa b
(w=3,b=10, va I=15) (w=3, e=2.5, va I=15)
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d) D4nh gia va nhan xét

Trong hinh 8 cho thiy s6 protein tim dwoc trong ciing superfamily dat dugc mic
trung binh khoang 7.36 v&i s6 cutoff tir 20 dén 100, két qua nay cho thdy hiéu qua tim
kiém gan tuong dwong voi PSIST. Két qua ¢ hinh 9 cho thiy thuat toan hoat dong 6n
dinh véi kich thudc cira s6 khoang tir 3 dén 5, néu vuot qua khoang nay thi hiéu qua
giam thay rd do céc sai sd phat sinh trong qua trinh rut ddc trung va chuan hoé vector.
C6 thé cai thién van dé nay bang cach gia ting gia tri chuin hoa nhu két qua thé hién
trong hinh 11, tuy nhién viéc nay s& dan dén ting thoi gian xir 1y va khong gian luu trit
cac vector dac trung.

Két qua cho thdy hiéu suat cia thuat toan gan tuong dwong véi PSIST va cb
phan t&t hon ProGreSS, tuy nhién néu xét vé mit luu trit thi thudt toan PSIST can nhiéu
khong gian hon cho cdy hau té néu phai chay trén tap dir liéu 1on va thao tac tim kiém
cling phirc tap hon nhung c6 d6 chinh x4c cao hon thudt toan bai bao dé xuit.

Thuét toan dé xuit c6 nhirng diém t6t

= Cay chi myc dugc xay dung mot 1an va hiéu chinh nhiéu lan trong quéa
trinh tim kiém. D¢ phic tap tim kiém chudi Q d6 dai 1 trén cay chi
muc chiéu cao h 1a O(k*(h-1)*b), k 1a sé trung binh cac nhanh c6
tring gia tri & mirc i, b 1a s6 nhanh tai gbc.

= Viéc gop nhanh khi hiéu chinh ciy s& cho phép tim thdy cing luc
nhiéu ciu trac thoa truy vén, nhéanh sau khi tim théy duoc loai bo khoi
cdy dé giam khong gian tim kiém trén cac mirc cao hon.

= Thuat toan cho phép tim trén toan bo khong gian dir lidu cdu tric.

4. Két luan

Trong bai bao nay trinh bay mot hudng tiép can trong viéc 1ap chi muc cho co s&
dit liéu cAu trac bac ba cua protein dya trén rut trich ddc trung cua protein theo thuét
toan PSIST va dé xut thuat toan tim kiém trén c4u tric cdy chi muc. Bai bao ciing trinh
bay vé cac ngudn dir liéu ciu tric bac ba cua protein, dé xuat mo hinh co s& dir liéu cho
viéc luu trir phuc vu thao tac 1ap chi muyc va tra ctru thong tin cic cdu tric protein ny.
Dir liéu dung cho céac thir nghiém dugc rat trich tir 181 “siéu ho” ctia SCOP va cac Kkét
qua cho thiy d6 chinh xac twong ddi cao va hiéu qua khi 4p dung cac thudt toan dé& xuét

trén dit 1i€u thir nghiém.
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