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TOM TAT: Trong bai bdo nay, chiing t6i trinh bay cdch thirc img dung kj thudt khai
thdc dit liéu dé phan rd chubi amino acid cdu tao nén enzyme - thugc ciing mgt phan Iop
enzyme da diege dinh danh - thanh tdp cdc do thi con phé bién t6i dai tuong ung. Cdc do thi
con ¢6 thé ¢é mét dinh va ciing c6 thé c6 nhiéu dinh. Khi can dy dodn cé mot enzyme mdi,
thugc phén I6p enzyme ndo, ta chi can phén ra chuéi amino acid ciia enzyme do, réi so khop
VOi ting tdp dé thi con phé bién téi dai, 6 trong co so dit liéu. Phdn logi enzyme duoc di
dodn dya trén phén logi cé diém sé cao nhdt sau khi so khop. Viée thie nghiém dwoc trién khai
duya trén cdc phan I6p Oxidoreductase EC 1.1.1.1 va Hydrolase EC 3.1.1.3, dé cho két qua tot.

"Qua qud trinh thir nghiém, chiing (6i nhén thdy: khi mé réng quy mé cua tdp hoc, nén chon tat
ca cdc enzyme da duoc dinh danh. Muc dich cia viéc chon lya nay la dé tao nén tap dé thi con
phé bién t6i dai ¢6 @ tin cdy cao.

1. GIOI THIEU

Su phat trién manh mé cia cong nghé sinh hoc trong nhitng nim gz“m day da tao nén lugng
dir ligu rét 16n vé enzyme (hon 19000 enzymes). Trong khi d6, s luong enzyme da duoc dinh
danh chinh xdc méi duogc khoang 4006 enzymes. Vi vay can tim kiém phuong phap méi gitp
du dodn phan loai enzyme thoa céc yéu cau:

- Nhanh - Dé sir dung va

- [t can sy can thiép cuia chuyén gia sinh hoc.

Khai thac dir liéu dd thj (Graph Mining) dang la mét ky thuat méi, dugc dung dé phat hién
tri thire va dgc biét thich hop voi dir liéu ¢6 cau tric, vi cé thé sir dung db thi dé mo ta.

V6i enzyme, b6 3 thanh phan hod hoc — ciu tric — chirc ning c6 quan hé mit thiét véi
nhau. Viy néu c6 thé img dung dugc Graph Mining dé tim dwoc tap cdc dd thi con chita dic
trung sinh hoc, viéc phén loai enzyme c6 thé s& dat hiéu qua hon, hd tro tét cho chuyén gia
sinh hoc trong qua trinh dinh danh chinh xéc.

2. VAN DE CAN GIAI QUYET

Graph Mining dang dugc nghién ctru sir dung nhiéu trong linh vuc phan 16p vin ban. Da
o nhiéu thanh tuu dugc céng bo trong cdc bai bao cua cac chuyén gia. Dé cé thé img dung
graph mining trong viéc dy dodn phén loai enzyme, cin phai:

- Tim cach bicu dién enzyme dudi dang db thi.

- Dé xuét phuong phép tim tap dd thi con chira dic trung ctia enzyme bing ky thuét graph
mining sao cho dat d6 chinh xac tir 70% trd 1én.

- D& xudit cach danh gid va du doén phan loai enzyme.
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3. CACH GIAI QUYET

3.1. Pé biéu dién enzyme duwéi dang db thi, ta quy wéc:

MJbi amino acid duoc goi 1a “Dinh” cla db thi.

Su dépg xuat hién cta hai dinh trong qﬁu tric clia enzyme s&€ ¢ kha nang hinh thanh mét
“Canh” n6i gitra hai dinh d6. Canh con thé hién kha ning xay ra lién két sinh — hoé gitta hai
dinh.

Khoang cach gitra 2 dinh duoc goi 1a “nhin canh” cua db thi.

Vi du: véi chudi amino acid ctia enzyme c6 dang:

CYS xxx LYS GLU VAL TYR GLU CYS thi db thi biéu dién s& la:

3.2. Phwong phép tim tap dd thi con phd bién chira dic trung:

Str dung phuong phz’ip AGM trén nén thuat toan Apriori dé rat trich cic d6 thi con c6
nghia. Céc khai niém:

Db thi con c6 nghia chinh 1a doan amino acid (sub sequence), trich tir thanh phén chu tric
cua enzyme (sequence residue) thoa tan suat cho trudc.

Vi du: ta c¢6 16p enzyme EC chi chita 4 enzyme c¢6 cdu triic dugc biéu dién dudi dang dd
thi nhur sau:

CYS xxx LYS GLU VAL TYR GLU CYS ...

D D
DI

CYS xxx LYS xxx VAL TYR xxx CYS CYS xxx LYS xxx VAL TYR GLU CYS

Véi thn sut minsupp = 0.7 thi d6 thi con c6 chira dic trung cua lop EC la:
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Tap cdc do thi con c6 nghia <> tip hop cac doan amino acid trich tir thanh phén céu tric
cua loai enzyme.

Tép d6 thi i dai luu trit ddc trung <> tap hop céc doan amino acid c6 dic diém khong 1a
doan con ciia doan ¢6 nhiéu dinh hon.

Cdch giai quyét:

Cach phét sinh tap cac dd thi con c6 nghia:

Trich cac doan‘amino acid tir thanh phfm céu\trﬁc'cﬁa loai enzyme thoé‘ tAn xuat. Bat dau
tr 1 amino acid (d6 thi ¢6 1 dinh, bac 1), ting dan dén <n> amino acid (d6 thi ¢6 <n> dinh,
bic <n>).

Cach tim tap do thi téi dai luu trir dic trung:

D6 thi cé nhiéu dinh nhit (bac n) 12 tap téi dai. Duyét cac dd thi c¢6 n-1 dinh, db thi nao
khéng chira trong bat ky dd thi n dinh nao, dugc goi 12 d6 thij t5i dai. Twong tu, duyét cho dén
d6 thi 1 dinh.

3.3. Dé xuiit cach danh gid va dw dodn phﬁn loai enzyme

So khép bing cach klem tra s6 lugng do th toi dai cua timg 16p enzyme (trong tap hoc) c6
chira trong thanh phén ciu tric cta enzyme cin du dodn hay khong. Néu cé, tinh diém theo
phuong phép tua Naive Bayes, cong don dlem theo 16p enzyme so khép.

Cach du dodn: chon phan 16p cé diém sd cao nhat.

4, THU NGHIEM

4.1. Tap miu hoc

Céc PDB trong méi phéan loai enzyme, download tir Protein Data Bank, duoc xép thir tu
theo tén tp tin. Chon céc nhém con cé tir 5 tap tin tré 1én, trich ra thanh nhém I6n hon, c6
khoang 50 PDB. Tiép tuc, chia caic PDB trong nhém I6n nay thanh 2 nhém “hoc” va “test”
theo ty 1€ 8:2 4p dung trén tirng nhém con PDB. S6 lugng cu thé nhu sau:

Bing 4.1, Tap miu hoc

Toaienzyme =t = i Sl e S ilirong trich
Som e e e e R U O T est Cong
Oxidoreductase EC 1.1.1.1 40 10 50
Alcohol dehydrogenase)
Hydrolase EC 3.1.1.3 40 10 50
(Triacylglycerol lipase)

4.2. Cic miu dy don phan loai
Viéc du doan dua trén két qua hoc ctia 4.1. C6 3 trudng hop du doén phén loai sau:
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4.2.1. Trwong hop I: st dung cac enzyme chua dugc hoc (test) cta 4.1

Bang 4.2: Két qua du doan phén loai enzyme ctia truong hop 1.

Loai enzyme o [ SomAl S6 mau Két qua dir doan

: Tl ki _:-l_"'JF- s i gt Duing Sai

Oxidoreductase EC 1.1.1.1 40 10 10 0
(100%)

Hydrolase EC 3.1.1.3 40 10 10 0
(100%)

Két qua c6 thé duoc xem nhu 1a mét bing chimg co sd, chimg to rang c6 thé sir dung
Graph Mining vao viéc tim ddc trung phuc vu cho viéc phén 16p enzyme.

4.2.2. Triwong hop 2: st dung 100 enzyme chua duge hoc cua 3 loai enzyme 6 4.1

Bang 4.3: Loai enzyme va s6 lugng mau enzyme trich cho may dy dodn

Loaienzymeizsi i@ s ol " Soimaus el i Ghichu

: Ll s anao B SN S B o T e
Oxidoreductase EC 1.1.1.1 35 10 cia 4.2.1; 25 1y méi.
Hydrolase EC 3.1.1.3 17 10 cua 4.2.1; 07 lay moi.

Bang 4.4: Két qua du doan phén loai enzyme ctia trudng hop 2

Logienzyme | Somiu | S6miu | Kétqua dwdoin
; Gk e S s .('wf. .t_es.t__ : Piing Sai
Oxidoreductase 40 35 34 1
EC 1.1 L1 (97.14%)
Hydrolase 40 17 17 0
EC3.1.1.3 (100%)

4.2.3. Truwong hop 3: s dung 100 enzyme chwa dugc hoc cta 3 loai enzyme & 4.1, ¢é
thanh phan da dang hon so v6i 4.2.2

Bing 4.5: Loai enzyme va s6 lugng enzyme trich cho may du doan phin loai

Loai enzyme S6 miu Cong Ghi chi
kg | test - : ; .
Oxidoreductase EC 1.1.1.1 17 32 EC 1.1.3.38 chua c6
EC 1.1.3.38 15 (=17+15) | miu hoc
Hydrolase EC3.1.1.3 17 34 EC3.1.1.4 chua co
EG3.).14 17 (=17+17) mau hoc

Bang 4.6: Két qua dy doan phan loai enzyme cla trudng hop 3

Loai enzyme : | Sbmiu | SémiAu | Kétquadwdosdn
S ok o hoc test Ping | Sai

Oxidoreductase

EC 1.1.1.1 40 17 17 0
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, (100%)
EC 1.1.3.38 15 0 15
(0.0%)
Hydrolase
EC3.1.1.3 40 17 17 0
(100%)
EC3.1.14 17 17 0
(100%)

4.2.4. Nguyén nhan cdac dw dodn sai:

So sanh voi tdp mau hoc, ching tdi nhéin thay céc enzyme c6 du doan sai 1a do trong tap
mau hoc chua ¢6 enzyme ddng dang.

4.3. Tap @b thi con phd bién t6i dai tim dwoc

Bing 4.7.S6 lugng db thi con tim dugc.

Logienzyme | Tansuat | Sodinh ciia S6 lugng do | So luo’ng do
e g il do t!n con tl_n con tlm thi con. tm dal
e ST R thiy
Oxidoreductase EC 1.1.1.1
(Alcohol dehydrogenase) 100% 1 18 1
90% 2 3103 2697
70% 3 332 330
70% 4 1 1
R g
Oxidoreductase EC 1.1.1.1
(Alcohol dehydrogenase) 100% 1 19 0
90% 2 12335 11160
70% 3 1543 1245
70% 4 237 139
70% 5 69 45
70% 6 14 12
70% 7 1 1
e R T 0602

(*) Chiing t6i sir dung 1 may vi tinh pentium 4, CPU 3GHz, 1 GB RAM dé cai ddt chwong
trinh chay trén nén Windows XP Pro SP2.

4.4. Thoi gian binh quén cho viéc du dodn phén loai cia mot enzyme: 17 phut.

5. HUONG PHAT TRIEN VA CAC THACH THU'C

Két qua trén 1a co s& dé tiép tuc trién khai nghién ciru dy doan phan loai enzyme trén tip
dir liéu c6 quy mé 16n hon: thude nhiéu phan lop enzyme khac nhau, so lucmg mau hoc nhiéu
hon. Néu c6 két qua tét, viéc 4p dung graph mining s& 1a mot hudng tiép can méi trong viéc du
doan phén loai enzyme.
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Dé c6 thé phat trién thanh mot cong cu hd tro cho ngudi dung tai Viét Nam, chuong trinh
cAn dat do chinh xac trén 90%; thoi gian dy doan cho méi mau cén nhanh hon nira va thoi gian
cap nhat mot enzyme méi phai chép nhan dugc. Kha nang dat dugc cac Kkét qua trén, that sy la
mdt thach thirc.

PREDICTING THE SUB-CLASS OF ENZYME BY APPLYING GRAPH

MINING BASED ON SEQUENCE STRUCTURE OF ENZYME
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ABSTRACT: This article is a description of the way to apply graph mining

technology to disaggregate the amino acid sequence of the enzyme - belonging to the same
already named sub-class - into a set of respective maximal frequent subgraphs. The subgraphs
can have one or many vertexes. When predicting the sub-class of a new enzyme, one just needs
to disaggregate the amino acid sequence of that enzyme, then matches it with each maximal
frequent subgraph in the data base. The predicted sub-class is based on the one with the
highest scores after matching. The test developed on the sub-class of Oxidoreductase EC
1.2.1.1 and Hydrolase EC 3.1.1.3 gave good results. It left us with the remark that when
enlarging the scale of learning set, all the named enzymes should be chosen. This aims to
create a set of maximal frequent subgraphs with high reliability.
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