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Summary 
As Quantitive Structure-Activity Relationships (QSAR) approaches are promising fields with several 

applications in drug development, especially in relation to the ubiquitin-proteasome system (UPS) that 
is responsible for the selective degradation of the majority of the intracellular proteins in eukaryotic cells 
and regulates nearly all cellular processes, dysfunction of the ubiquitination machinery, and proteasome 
Inhibitors effective for various associated disorders, three QSAR models for identification of new lead-like 
UPS Inhibitors were developed using TOMOCOMD molecular descriptors on a database extracted from 
PubChem BioAssay (AID 2486). Linear discriminant analysis (LDA), Multi-layer perceptrons (MLP) and 
Support vector machine (SVM) were used to ajust the models. OECD principles were used to validate 
the QSAR models. These models achieved good global accuracy in the training set and prediction set 
with value superior to 85.9 % and 81.2 %, respectively, and fulfilled OECD principles. These models 
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proved time-saving and cost-reducing in early screening phase to identify new lead-like UPS-Inhibitory 
coumpounds. 

Keywords; Ubiquitin-proteasome system (UPS), Inhibitor, QSAR model. Linear Discriminant 
Analysis, Multi-layer perceptrons, Support vector machine. 

Dat van de 

Qua trinh nghien cfiu va phdt trien thu lc 
Ihudng l l n kem thdi gian, cdng sue va tien bae. 
TnDng dd, t i n kem nh l t Id qud Irinh phdt hidn hgp 
chat d i n dudng (lead compounds). Hang logt 
phuong phdp mdi ra ddi giiip sang Ige nhanh 
va hidu qua eae hgp ch i t ed hogt linh sinh hgc. 
Theo hudng nay, cac phuang phap ly thuyl t da 
dugc phai Irien va ung dyng rdng rai, tu do, ra 
ddi khdi niem in silico bo sung eho eac khdi niem 
in vivo, In vitro, in situ da ton lgi tu lau. Phuong 
phdp in silico phdt t r i ln cac nghien cuu dga tren 
cac ly Ihuyel ve hda hge, todn hgc, cdng nghe 
Ihdng tin, xdc su i t th ing ke .. de phdt tr i ln cdc 
md hlnh dg dodn ly thuyet. Vide phdt Irien cac md 
hinh v l m i l quan he djnh lugng giua d u Iriie vd 
hoat linh cua cdc hgp ch i t {Quantitive Structure-
Activity Relationships - QSAR), la mdt budc t i ln 
quan trpng Irong cac nghien cuu nay. Cae m6 
hlnh QSAR giup phdt hien cdc hgp ch i t mdi cd 
hogt tinh sinh hgc mdi each nhanh ehdng. Hon 
nua chiing lgi rat hidu qua vd tilt kiem do chf d n 
thdng tin v l d u trUc cOa hgp c h i t Do do, ehung 
cd the giup phat hien cdc hgp chat ngay d khi 
chung chua dugc long hgp hay phan lap. QSAR 
tiiuc sg b i t d i u dugc nghien cuu tu nhung ndm 
60 cua t h i ky XX bdi Corwin Hansch va cac dong 
su '^i. Hidn nay phuong phap nay dang dugc fing 
dung r i t rgng rai tren the gidi do cac uu diem cua 
Chung so vdi cdc phuong phap truyin thong. 

Proteasomes Id phue hgp protein bdn trong 
f i t ca cae l l bao nhan chuin vdi chiPC nang 
chinh Id tieu huy cac protein khdng c i n thi l t hodc 
bi hdng trong qua trinh phan giai protein. Qua 
trinh phan giai protein nay dugc thue hien frong 
he th ing ubiquitin-proteasome (UPS). Roi logn 
chfic nang bg may ubiquitin hogc cae hogt dgng 
phan gldi protein cua proteasome gay ra nhi lu 
bgnh ly khac nhau, nhu ung thu, vidm, nhiem 
virus, r l i loan he thong th in kinh trung uang, r l i 
loan chfic ndng trao d l i chi t . Cdc chat fie eh l 
UPS (UPS-l) da dugc phat trien thdnh Ihuoc 
vd su dung higu qua doi trong mdt s l benh ly. 

nhung h i u h i t chung deu cd fac phu va nhi lu 
benh nhan cd b i lu hign khang thulc. Do dd, viec 
tim k i lm cac hgp ch i t mdi la d n t h i l t dgc biel 
eho vigc phdt t r i ln cdc thulc ehua ung thu thd 
hd mdi. Cde md hlnh QSAR dugc dp dung trong 
qud Irinh nay giup lang hidu qua, tilt ki$m chl phf 
vd thdi gian. Cac md hinh ndy la cdng cu 3e du 
dodn hoat lfnh cua cdc chat va d l xdc djnh ede 
dac diem d u friic quan trgng cho hoai ffnh. Do 
dd, nghidn cuu nay dugc fhuc hign nham myc 
tidu xdy dung va danh gid cde md hinh toan hgc 
QSAR mdi d l sang lgc vd phai hign eae hgp ch i t 
UPS-l ehi tu thdng tin e i u true phan tu . 

Nguyen iieu va phu'O'ng phap 
nghien ciru 

Nguyen lieu 

Co sd du lieu (CSDL) dugc fhu thdp l f i cdc 
nghien cuu su dung thi nghigm dugc m6 ta Irong 
PubChem BioAssay (AID 2486), vdi th6ng tin vd 
ten, cau triic, s l hieu hgp chi t (CID). Sau qua 
trinh lam sgch, logi trfi eac muoi va cac chat vd 
eo, CSDL dugc su dung d l xay dung cdc md 
hinh gom 705 hgp ch i t frong dd: 258 hgp c h i l 
UPS-l (active) va 447 hgp ch i t khdng uc che 
UPS (inactive). 

Phuong phap nghien cii'u 

Xay dyng cic mo hinh QSAR 

Djnh iwgng hda ciu true va tie dung sinh hoc 

Md hinh QSAR bieu d i ln m l i lien he djnh 
lugng giua c i u true va tac dyng sinh hgc cua cdc 
chi t . De xay dung duoc cae md hinh nay thi cd 
d u true vd lac dyng smh hgc deu phai dugc djnh 
lugng hoa. Cac d u true duge ma hda thdnh cdc 
tham so phan t f i dde Inj-ng eho ICrng hgp eh l l , 
con tac dung sinh hpe d the la cac gia Irj djnh 
lugng lhu duge lu cac fhi nghiem fhuc nghiem 
hay dugc ma hda thdnh 1 va -1 trong cdc md 
hinh phan logi cd hay khdng co hogt linh sinh 
hgc. 

Tinh toin cac tham sd phin ti> dac trwng cho 
ciu trOc (tham sd ciu true) 
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Tham so c l u true Id mdt s l lhu dugc l u qua 

trinh todn hgc vd logic mang thdng tin dugc ma 
hda trong d u trUc hda hpc i^. Trong nghien euu 
nay, cde tham so duge linh foan su dung ph in 
mem TOMOCOMD '^i. Cac nguyen l u , duge dgc 
trung b ing cac tfnh eh l l nguyen lu nhu kh l i 
lugng nguyen lif (M), dp phan cgc (P), the tfeh 
Van der Waals (V), dd dm didn Mulliken (K). 

Thiit ki tip huin luyin vi tip kiim tra 

CSDL ban dau duge phan chia thanh tap 
huan luy^n {training set - TS) d l xdy dung eae 
md hlnh va tdp k i lm tra {prediction set - PS) de 
ddnh gia khd ndng ngogi suy cua md hinh bdng 
ky thugt phan tfch cym {cluster analysis - CA) •''i 
eua ehuang trinh STATISTICA 9.0 î i. Phuang 
phdp nay ehia m l i lap cdc hgp ch i t active va 
inactive thdnh 11 cym. Tu tung cym trdn. i l y ra 
75% cde hgp chat de xay dung TS va 25% cdc 
hgp ch i t d l xdy dgng PS. 

Tiien khai cic mo hinh QSAR 

Cac ky thual phan tfch su khac biet tuy ln tfnh 
(LDA) '6) cua chuong frinh STATISTICA 9.0 £̂  va 
hgc mdy (marchine learning) eua WEKA ^ dugc 
su dyng d l phdt trien cac md hlnh QSAR. Cac ky 
thuat hgc mdy bao gom: mang na-ron nhan tgo 
lan truyin th ing nhl lu Idp (MLP) î i va may vector 
ho trg (SVM) P'. D I t r i ln khai eae ky thudt ndy 
budc d i u tien vd tuong doi quan trgng dd la lua 
chgn cdc tham s l phan tf i . 

Lga chgn tham so phdn fu : Ddi vdi LDA, 
nghien cfiu sf i dyng phuong phap tap hgp con 
tot nhi t (best subset) d l lua chpn cac tham s l 
phan tu eho viec phat t r i ln md hinh. D l i vdi cdc 
phuang phdp hgc may. phuang phdp bd Ipe 
{filter) va ddng gdi (wrapper) cua WEKA ^ dwgc 
sfi dung; d ing thdi tgp hgp cac Iham so phan 10-
duge Iga chgn cho md hinh LDA cung dugc su 
dyng de phdt trien md hinh hgc mdy. Nhi lu md 
hinh MLP vd SVM duge xdy dung vdi nhi lu tdp 
hgp tham so phan tu khac nhau vd nhfing md 
hinh t i l nhl t dugc giu lai. Cac md hinh duoc lua 
chgn Iheo nguyen ly parsimony "Occam's Razof 
(don gidn nhung tot) vd dua vao cac thdng so 
thing kd Id: do chinh xac hay ti le ph in fram cac 
ch in dodn chinh xdc {Accuracy - Q), do nhay 
{Sentivity - Se), dp dgc hieu {Specificity - Sp) va 
ti lg duong tinh gid {False Positive Rate - FP ). 
Trong do: 

DQ nhay = sd luvng dwong tinh that/(sd Iwang 
dwang tinh thit + sd Iwong am tinh gia) 

DQ die hlQU = sd im tinh th$t/(sd am tinh that 
+ sd dwang tinh gii) 

Cdc hgp ch i t dugc phan loai Iheo k i t qua 
cCia xde su i t hau nghigm (posterior probability). 
Trong frudng hgp nay, hidu eiia cac xac su i t hgu 
nghiem dugc finh lodn theo phuong trinh: 

AP% = [P(ed hoat tinh)-P(khdng hogt tinh)] x 100 

Trong dd: 
P (cd ho^t tinh) li xic suit ma md hinh phin loai 

mdt hgp chit li cd ho^t tinh &c chi UPS, cdn P (khdng 
hoat tinh) li xic suit mi md hlnh phan loai mdt hgp 
chit li khdng cd ho$t tinh. 

Nhu vdy, n l u mdt hgp chat AP% > 0, se duge 
du doan la d hogt tfnh vd AP% < 0, se dugc dg 
dodn Id khdng cd hogt tinh. 

Dinh gii cic mo hinh QSAR 

Cac nguydn lac cua To chuc Hgp tac va Phdt 
trien Kinh le T h i gidi (Organization for Economic 
Cooperation and Development - OECD) '̂ "i (quy 
djnh ve thgc hdnh i l l xdy dgng cac md hinh 
QSAR) dugc su dyng d l danh gid cde md hlnh. 
Theo do, mgt m6 hlnh dugc danh gia la dil lieu 
chuan vd dugc phep dung d l su dung frong cac 
nghien cuu khi thda man: 1) Cd dfch xae djnh 
(defined endpoint); 2) Su dung mdt thual foan rd 
rdng; 3) Cd mi ln d u true ung dung rd rang; 4) 
Thda man cdc danh gid ndi frdn tap huan luyen 
d l k i lm tra mfic dd khdp {goodness-of-fit), dg 
manh va I n djnh ciia md hlnh (robustness) va 
cac ddnh gid ngogi, lf ie Id cd kha nang dg doan 
cao (ddnh gid khd nang du doan ctia md hlnh 
Iren tgp k i lm tra). 

Ket qua va thao iuan 

Md hinh todn hoc phan loai d g doan kha 
nang fie c h l UPS 

Su dyng ky thudt phan tfch cum CA, CSDL 
ban dau dugc chia ra Idm TS gdm 529 hgp chdt 
vd PS g i m 176 hgp c h i t Ba md hinh phan logi 
dugc xdy dgng tren TS su dung cac ky thudt xde 
xuat thong ke va tri lue nhan tgo. 

Mo hinh LDA 

Sfi dyng phuong phap tap hgp con tol 
nhi t ciia STATISTIC, 10 tham sd phan tu 
TOMOCOMD-CARDD (ehi s l ddi, chf so tuy ln 
tinh, chi s l song tuyen Unh) dugc iua chgn de 
phat tr i ln md hinh. Md hinh phan logi chfnh xac 
85,82% cac hgp chat cua TS vdi ti le duang tinh 
gid ( F P ^ J la 11,93%. 
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Ho^t tinh UPS-l = 0.187 +0.015''q^{x) -6.238 x^O^^'q^^''{x^_^) -5.378 x^O•'*^q^{x) 

-1.117 x10-''%^"{x^J +2.714 x10-^* f̂2(x) +4.523 x l O ^ ^ y x ^ ) 

+3.429 x-\0-'^'^b^^"{x^,y^) -5.072"v^h^|^"(Xg^,y^^) 

+1.322^b^^(Xg,yg) -1.981 xlO'^ ''*'%^{x^,y^) 

Mo hinh MLP 

Nghidn cfiu su dyng ede mang na ron nhan 
tgo gom 3 ldp (mdt ldp d i u vao, mdt Idp d i u ra 
vd mgt ldp an). Mgng na ron duge huan luydn 
su dyng hdm sigmoid Id hdm kich hogt So lugng 
cac node an dugc lga chgn fheo phuong phap 
"Viw va ldi", sau do so sanh ch i t lugng cac md 
hlnh thu dugc. Cde phuang phdp lga chgn tham 
s l phdn t u theo md ta trong phan phuong phap 
nghien cfiu dugc su dyng. Md hinh MLP thu 
dugc cd d u hinh 9-7-2, vdi 7 node d ldp an. 
Md hinh nay phan logi chfnh xac 88,06 % cac 
hgp chat eua TS vdi tt lg duong linh gia (FP^J 
Id 8,44%. 

M6 hinh c-SVM 

Tat d cdc ham nhdn (kernel) cd trong WEKA 
aiu dugc thu. Ddi vdi lung ham, tung thdng s l 
dugc k i lm \ra su dyng phuong phap „thw vi 
lir, sau dd so sdnh chat lugng cdc md hinh thu 
dugc. Kel qua la ham kernel co sd dgng ban 
kinh (radial basis function -RBF) cho k i t qua tot 
nhat vdi 10 tham sd phan tu vdi y = 2 va C = 
1000. Md hinh SVM su dung 198 vec ta hd trg, 
trong do 105 thudc phan ldp cac hgp ch i t UPS-l 
vd 93 thudc phan ldp cdn Igi (cdc hgp chat khdng 
fie che UPS). Mo hinh nay phan logi chinh xac 
89,4% cdc hgp ch i t cua TS vdi l i lg duong tfnh 
gia Id 5.8%. 

Danh gia cac md hinh QSAR xay dgng 
dugc 

Di cdc md hinh QSAR dugc thdng qua bdi 
cac CO quan qudn ly, chung phai thda man cdc 
nguydn t i c cua OECD (to chuc kinh t l the gidi) i"". 

Tieu chi 1 (c6 dich xic dinh) 

Trong nghidn cfiu nay, dich Id su phdn loai 
cdc hgp chat Ihdnh 2 nhdm: chat UPS-l va ch i t 
khdng uc c h l UPS su dung Ihf nghigm dugc md 
ta fheo PubChem BioAssay {AID 2486). Do dd, 
dieh d ddy Id hoan loan xdc djnh. 

Tieu chi 2 (thuit toin ro ring) 

Phuong phap xay dgng cae md hinh Irong 
nghien cuu nay dugc md fa d tren. Md hinh 

todn hgc dugc phdt t r i ln su dyng ky thugt LDA, 
MLP vd SVM d l bieu didn moi quan he giua dfch (uc 
che UPS) vd cdc tiiam so phan ti> TOMOCOMD. 
Cdc ky thugt nay da &wac md fa khd ky trong cae 
fai ligu tham khao, cac chf so TOMOCOMD cung 
da dugc djnh nghTa ro rdng'^^"''. Vi the md hinh cd 
t h i dugc xdy dung lai vd dugc su dyng de phdt 
hign cdc hgp ch i l UPS-l mdi. 

T7eu chi 3 (mien ciu (n ic xac ^nh) 

Su dung k i t qua cua chuang trinh 
Afl/fe/TD/scove/yi'^, cd 34 hgp ch i t eiia TS nam 
ngodi mi ln d u true ciia edc md hinh. K i t qua 
ndy cd the ch ip nhdn dugc theo nhu cdng bo 
cCia cdc nghien cfiu trudc ddy '̂ '̂. 

Tieu chi 4 

Dinh gii ndi 

Ki t qua ciia qud trinh ddnh gid ngi su dung 
phuang phap danh gid cheo (cross validation -
CV). Trong trudng hgp nay. 10% cdc hgp ch i t 
cua TS dwgc d l d ngodi. sau dd md hinh duge 
xay dung Igi vdi 90% hgp chat cdn lai, r l i su 
dyng md hinh nay du dodn 10% cdc hgp c h i l bj 
bd ra ngoai do. Kdl qud cdc ddnh gia cheo dugc 
bieu d i ln trong bang 1. 

Bang 1. Cac thdng sd thdng ki cua 3 mo hinh 

trong CV 10% 

Mo hinh 

LDA 

MLP 

SVU 

a% 
85.26 

87.03 

88.90 

Se% 

84.63 

84.06 

86.34 

Sp% 

85,28 

88,96 

90,64 

FP„^% 

14,13 

10,09 

8,62 

Theo nhu ede k i t qud nay. md hinh tuang d l i 

I n dinh vd khdng bj phu thugc vdo b i t ky hgp 

chat hay nhom hgp ch i t ndo cua TS. 

Dinh gii ngoai 

Su dyng md hinh de dg dodn cac hgp chat 

tren tap k i lm nghidm. Tgp k i lm nghigm bao gdm 

nhung ph in t f i ma md hlnh chua bao gid nhin 

thay trong qud trinh huan luydn. Kel qua cua qua 

trinh danh gia ngogi dugc md la trong bang 2. 
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Bang 2; Cac timng s6 ttidng ke cua 3 mo fiinti 

tren tip PS 

tAo hinh 

LDA 

MLP 

SVM 

Q% 

81.62 

85.17 

83,49 

Se% 

80,08 

82,92 

82,16 

Sp% 

82,10 

86,36 

83,91 

FP„.% 
16,88 

12,66 

15,23 

Theo nhu quan sdt trdn bang 2, cdc md hlnh 
ed khd nang dg doan tuong d l i eao (md hlnh 
MLP dg dodn chfnh xac 85,17%), vd kha nang 
nham l l n khi k i t ludn mdt chi f khdng co hoat tinh 
Id cd hogt lfnh luong doi Ihap (doi vdi md hlnh 
MLP la 12,66%). 

Tf'eu chi 5 

Gidi thich co c h l (neu cd Ih l ) . Trong trudng 
hgp ndy, do dgc thii cua CSDL vd cac tham 
so phan l u dugc su dyng nen nghien cuu nay 
khdng tiln hanh gidi thfeh eo c h l . 

Trong nghien cuu, cac md hinh QSAR mdi 
dugc xay dgng ed kha nang du dodn tuong doi 
eao. Cde k i t qua trdn tdp hu ln luydn la 81,62%, 
83,49%) vd 85.17% lan lugt cho cdc md hlnh 
LDA, MLP va SVM. va kha nang nh im ldn mpt 
ch i t khdng ed kha ndng ue eh l thdnh cd khd 
ndng cao nhi t chf cd 16,88%. Dieu nay, chung td 
md hinh cd kha nang phat hien/dg doan tdl. Cae 
md hinh su dyng LDA ed chat lugng kem hon 
cae md hlnh sf i dyng cdc ky thual hgc may. Tuy 
nhidn, cdc md hlnh LDAcd uu thd la chird trgng 
s l ciia tung tham so phan fu cho fac dyng sinh 
hoc, d i lu ma cac md hinh hgc may khdng Idm 
dugc. Cuoi cung, cac mo hinh mdi dugc ddnh 
gid can than theo cac lieu chi ciia to chuc OECD. 
Tiiy lung muc dfch, cac md hinh nay cd the dugc 
sf i dyng dan ie hay kel hgp de sang lgc hoat tinh 
fie che UPS cho cac hgp chat. 

Ket iuan 
Trong nghien cfiu ndy, 3 mo hinh QSAR mdi 

dd duoc xdy dgng thdnh cdng de bi lu d i ln m l i 
quan he djnh lugng giua cau true va tdc dung ue 
che UPS su dyng cdc ky thuat xac xul f th ing ke 
(LDA) vd tri tud nhdn fao (MLP SVM). Cae md 
hinh xay dgng dugc dal do chinh xae cao va d i u 
thda man cdc ddnh gid theo cac nguyen tac cua 
OECD. Do do, cac md hinh nay cd the duoc su 
dung bdi bat ky trung tam hay vidn nghidn cuu 
nao trong qud trinh tim k i lm hgp chat mdi UPS-l 

ma chi d n lh6ng tin ve d u trdc phan tu . Viec 
su dyng nhfing cdc md hinh ndy nol ridng cung 
nhu cdc phuang phap trong nghien cuu ndy ndi 
Chung cd t h i giup tilt kiem thdi gian va tiln bgc 
trong vide sdng Igc nham phdt hign cdc hgp chat 
dan dudng mdi Irong qua Irinh nghien cuu va 
phat trien cac thuoc chua ung thu t h i hd mdi. 
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