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thu duege, nhom nghign ctiu 88 xust bd sung chl
tidu dinh lugng SC va chl tidu dinh tinh voi céc
cht danh ¢4u (SC, XA, AF) trong c4c tiéu chudn
duee lidu, san phim tir BADT nhim nang cao
¢ong tac kiém tra chit lvong dwoc lisu DQDT &
Viét Nam.
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Summary

As Quantitive S Activity Rel. (QSAR) app hes are promising fields with several
applications in drug development, especially in refation to the ubiquitin-proteasome system (UPS) that
is responsibie for the selective deg ion of the majority of the i flular proteins in eukaryolic cells
and regulates nearly all cellular processes, dysfunction of the ubiquitination machinery, and proteasome
inhibifors effective for various disorders, three QSAR modeis for identification of new fead-like
UPS inhibitors were developed using TOMQCOMD molecular descriptars on a database extracted from
PubChem BioAssay (AID 2486). Linear discriminant analysis (LDA), Multi-layer perceptrans (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 fulfilied OECD principfes. These models
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Dit van dé

Qué trinh nghién clu va phat tién thude
thwng ton kém thai gian, cdng siec va tidn bac.
Trong do, tén kém nhét 1a qua trinh phat hign hop
chét ddn dudng (lead compounds). Hang loat
pheong phap méi ra doi gilp sang loc nhanh
va higu qua cac hop chét ¢b hoat tinh sinh hoc.
Theo huiéng nay, cac phuong phap Iy thuyét da
dwgc phat trién va Gng dung rdng rai, tir 49, ra
déi khai niém in silico b sung cho cac khai niém
in vivo, in vifro, in situ da tn tai tly lau. Phuong
phap in silico phét irién céc nghién clru diva trén
cac Iy thuyét v& hoa hoc, toan hoc, céng nghg
théng tin, xéc suét théng ké .. && phat trién cac
md hinh d doan Iy thuyét. Vigc phat trign cac mé
hinh v& md1 quan hé dinh lwgng gitra cAu tric va
hoat tinh clia céc hop chét (Quantitive Structure-
Activity Relationships - QSAR), 12 mdt bude tién
quan trong trong cac nghién ciru nay. Gac méd
hinh QSAR gitip phét hién cac hop chét méi ¢6
hoat tinh sinh hoc mat cach nhanh chéng. Hon
nva ghiing lai rat higu qua va tiét kiém do chi cén
thang tin v& céu trac chia hop chat. Do dé, ching
b thé giap phét hién cac hop chét ngay ca khi
chiing chira dwoc 1dng hop hay phan 1ap. QSAR
thure sw bét @4u dwge nghién o tir nhitng ndm
60 clia thé ky XX b&i Carwin Hansch va cac déng
sy [, Hién nay phwong phap nay dang dwee (g
dung rat rong rai trén thé gioi do cac wu didm clia
chiing so v&i cac phwong phip truyén théng.

Proteasomes la phirc hgp protein bén trong
tét ca cac t& bao nhan chudn v&i chi¥c néng
chinh la tigu hily céc protein khang can thiét hodc
bi héng trong qua trinh phan giai protein. Qué
trinh phén giai protein nay dwoc thigc hién trong
hé théng ubiquitin-proteasome {UPS). Réi loan
chirc ndng b may ubiquitin hadc cac hoat déng
phan gidi protein cUa proteasome gy ra nhiéu
bénh Iy khdc nhau, nhw ung thw, viém, nhigm
virus, réi loan hé théng than kinh trung wong, réi
loan chirc nang irac &1 chét. Cac chét ke ché
UPS (UPS-) 85 dugc phat tridn thanh thubc
va sir dung hiéu qua déi trong mot s6 bénh 1y,
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ing phase to identify new lead-itke UPS-inhibitory

me  system (UPS), Inhibitor, QSAR model, Linear Discriminant
, Support vector machine.

nhung hdu hét ching déu c6 tac phy va nhidu
bénh nhan ¢6 bidu higén khang thudc. Do d6, viéc
tim Kiém cac hop chat mai 1a chn thidt, dac bigt
cho vigc phat trién céc thudce chiFa ung thu thé
hé méi. Cac md hinh QSAR dwore ap dung trong
qué trinh nay gitp tang higu qua, tiét kiém chi phi
va thi gian. Cac md hinh nay Ia cong cu 8é dvw
doan hoat finh clra cac chét va d& xac dinh cac
d3c diém chu triic quan trong cho hoat tinh. Do
36, nghién ciru ndy duge thyc hién nhdm muc
tiéu xay diyng va danh gid cac md hinh toén hoc
QSAR mé&i d& sang lgc va phét hién cac hep chat
UPS-I chi tir théng tin céu tric phan te.

Nguyén
nghién ciru

litu va phwong phap

Nguyén ligu

Co sb di¥ liéu (CSDL) duoc thu thap tr cac
nghién civu str dung thi nghiém duwoc mb 1a trong
PubChem BioAssay (AID 2486), vé1 théng tin vé
tén, cAu tric, s& hiéu hep chét (CID). Sau qua
trinh 1am sach, loai triy cac mudi va cac chat va
co, CSDL duge st dung dé xay dyng céc md
hinh gbm 705 hop chét trong dé: 258 hop chét
UPS- (active) va 447 hop chét khong lc ché
UPS (inactive).

Phwong phap nghién civu

X&y dwng cdc mé hinh QSAR

Binh Igng hoa cau triic va tac dung sinh hoc

MG hinh QSAR biéu dién mél lign hé dinh
lwgng gitra cAu tric va ta¢ dung sinh hoe cda céc
chét. P& xay dung duoc cac md hinh nay thi ca
cAu triic va tac dung sinh hoc déu phai dwge dinh
lwgng héa. Cac cAu tric dwoe ma héa thanh cac
tham s& phan tr déc trung cho ting hop chét,
con tac dung sinh hoc €6 thé la cac gia tri dinh
Irgng thu dwge tir cée thi nghiém thie nghiém
hay dwore mé hoa thanh 1 va -1 trong cac mo
hinh phéan loai cd hay khéng cd hoat tinh sinh
hoc.

Tinh toan cac tham s6 phén ti dac trung cho
cdu tric (tham 6 cdu trac)
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Tham s6 c&u tric 13 mdt sé thu duoc tir qua
trinh todn hge va logic mang ihéng tin dwoc méa
hoa trong cAu tric hoa hoe 2. Trong nghién clru
nay, cac tham sb dwoc tinh toan siv dung phan
mém TOMOCOMD . Cac nguyén tir, dwoc dic
treng bang cac tinh chét nguyén t& nhw khdi
lgng nguyén t& (M), da phan cuc (P), thé tich
Van der Waals (V), G6 am dien Mulliken (K).

Thiét ké tép huén luyén va tap kiém tra

CSDL ban diu dwoc phan chia thanh tap
huén luyén (training set - TS) d& xay dung cac
méd hinh va tap kiém fra (prediction set - PS) dé
danh gia kh& nang ngoai suy cia mé hinh bing
k§ thuat phan tich cum (cluster analysis - CA) ¥
cta chwong trinh STATISTICA 9.0 ¥. Phuong
phap nay chia méi tap cac hgp chét active va
inactive thanh 11 cym. Tir teng cum trén, l4y ra
75% cac hop chat dé xay dung TS va 25% cac
hop chét 8é xay dyng PS.

Trién khai céc mb hinh QSAR

Céc ky thuat phan tich sy khac biét tuyén tinh
(L.DA) ¥l glia chwong trinh STATISTICA 9.0 ¥ va
hoc may (marchine learning) clia WEKA ¥ duwgc
s& dung dé phat trién cac mo hinh QSAR. Cac ky
thuat hoc méy bao gdm: mang no-ron nhan tao
lan truyén thang nhiéu I&p (MLP) ® va may vector
hé tro (SVM) 1. Bé trién khai cac ky thuat nay,
buéc dau tign va twong déi quan trong do 12 Iva
chon céc tham sé phén tir.

Lira chon tham sé phan ti: D6i véi LDA,
nghién clru str dung phweng phap tap hop con
t8t nhét (best subset) & Iua chon cac tham sb
phan ti cho viéc phat trién ma hinh. Déi véi cac
phuong phép hgc may, phueng phap bd loc
(filter) va dong goi (wrapper) ctia WEKA M duoc
s dung; ddng thoi 1ap hop cac tham sb phan tiy
dugce wa chon cho md hinh LDA ¢ling dwgc stv
dung dé phat trién mé hinh hoc may. Nhidu md
hinh MLP va SVM dugc xay dieng véi nhiéu tap
hop tham 6 phan ti khac nhau va nhitng mé
hinh tt nhat duwoc gitr lai. Cac mé hinh duoc lya
chon theo nguyén Iy parsimeny “Occam’'s Razor”
(don gian nhing tot) va dua vao cAc théng sé
théng ké la: d& chinh xdc hay i 18 phin trdm cac
chan doan chinh xéc (Accuracy - Q), d§ nhay
(Sentivity - Se), a6 ddc hiéu (Specificity - Sp) va
1i 1& dwong tinh gia (False Positive Rate - FP_.).
Trong do:

D¢ nhay = s6 lugng duong tinh that/(sé leong
duong tinh thét + s6 luong am tinh gid)
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D¢ dac higu = s6 am tinh that /(s6 am tinh that
+ 56 duong tinh gia)

Céc hgp chét duge phan loal theo két qua
clia x4c suét hdu nghiém (posterior probability).
Trong truéng hep nay, hiéu clia cac xac sudt hau
nghiém dwgc tinh todn theo phurong trinh:

AP% =[P(c6 hoat tinh)-P(khéng hoat tinh)] x 100

Trong dé:

P (c6 hoat tink) 14 xc sudt ma md hinh phén loai
mgt hop chét & c6 hoat tinh trc ché UPS, cén P (khéng
hoat tinh) I4 x&c sudt ma mo hinh phan joai mot hop
chit & khdng c6 hoat tinh.

Nhu vy, néu mot hop chét AP% > 0, 5& dugc
dir dodn 1a 6 hoat tinh va AP% < 0, sé duwoc dy
doén |a khong co hoat tinh.

Ddnh gid cdc mé hinh QSAR

Cac nguyén téc cua Td chire Hop tac va Phat
trién Kinh t& Thé gi¢i (Organization for Economic
Cooperation and Development - OECD) " (quy
dinh vé& thiee hanh tét xay dgng cac méd hinh
QSAR) duoc si¥ dyng dé danh gia cac mo hinh.
Theo d6, mdt mé hinh dwoc danh gia la du tiéu
chudn va dwoc phép ding 4é sir dung trong cac
nghién ctru khi théa man: 1) Co dich xac dinh
(defined endpoint); 2) St dung mot thuat toan rd
rang; 3) C6 mién céu tric ing dung rd rang; 4)
Théa mén cac danh gia néi trén tap huén luyén
4& kiém tra mtrc @9 khop (goodness-offit), 66
manh va &n dinh clia mé hinh (robustness) va
cac danh gia ngoai, tire la co kha nang dy doén
cac {danh gid kha nang dw doan clia mé hinh
trén tap kiém tra).

Két qua va thio luan

Mé hinh toan hoc phan loai dw doan kha
niing irc ché UPS

Sir dung ky thudt phan tich cum CA, CSDL
ban d4u dugc chia ra 1am TS gdm 529 hop chit
va PS gbm 176 hop chit. Ba md hinh phan loai
dugre xay dyng trén TS s dung cac ki thuat xac
xuét théng ké va tri tué nhan tao.

M6 hinh LDA

St dyng phwong phap tép hop con tit
nhat cla STATISTIC, 10 tham sé phan i@
TOMOCOMD-CARDD (chi s6 €6i, chi sé tuyén
tinh, chi 86 song tuyén tinh) dwoc lua chon @&
phét trién md hinh. Mé hinh phan loai chinh xac
85,82% cac hop chét cla TS voitile duong tinh
giad (FP__}1a 11,93%.
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Hoat tinh UPS-1 = 0.187 +0.0157q,(x) -6.238 x10"g, "(x.,,) -5.378 x1 0¥, (x)
S1 17 X10VE Aix ) +2.714 x10°%6,(x) +4.523 X109°F, (x.)
+3.429 x10°%"b H(x..y,} -5.072%D, "(x, .y, )
+1.322%h, (x..y,) -1.981 X109 "&b, (x_.y;)

M6 hinh MLP

Nghién cu st dung cdc mang no ron nhan
tao gdm 3 16p (mdt Iop dau vao, mét iop dau ra
va mét 16p n), Mang no ron dwoce hudn luyén
sir dung ham sigmoid I ham kich hoat. Sé lrgng
cac node &n dwoc Ipa chon theo phwong phap
"thi¥ va 16i", sau d6 so sanh chét luong cic mé
hinh thu dwge. Cac phrong phap lea chon tham
b phéan ti theo md 14 trong phin phurong phap
nghién cleu diroc st dung. M3 hinh MLP thu
duge €6 chu hinh 9-7-2, voi 7 node & Iop an.
M hinh n&y phan loai chinh xac 88,06 % cac
hop chét cla TS véi i 1§ dwong tinh gia (FP_,)
14 8,44%.

M6 hinh c-SVM

Tt ¢ cac ham nhan (kemel) c6 trong WEKA
d8u dugc thir. DS voi tirng ham, tirmng thng sb
dwgc kiém tra siv dung phuong phap thir va
187, sau &6 so sanh chét lwgng cac mé hinh thu
dwgc. Két qua 1a ham kernel co' s& dang ban
kinh (radial basis function -RBF) cho két qua t6t
nhét v&i 10 tham sb phan tF voiy = 2va C =
1000. Md hinh SVM sir dung 198 véc to hé g,
trong dé 105 thudc phan Iarp cac hop chdt UPS-|
va 83 thudc phan IGp con lai (cac hop chét khong
(rc ché UPS), Md hinh nay phan loai chinh xac
89,4% cac hop chat cda TS véi ti 1 dwong tinh
gia 13 5,8%.

Béanh gid cac md hinh QSAR xdy dwng
dwoye

Dé cac md hinh QSAR duec théng qua bdi
céc cor quan quan ly, ching phai thda man cac
nguyén tic cia OECD (t chirc kinh 1 thé giéi) (.

Tiéu chi 1 (c6 dich xdc dinh)

Trong nghién ciru nay, dich Ia sy phan loai
cdc hop chéat thanh 2 nhom: chét UPS-I va chét
khéng (rc ch& UPS sir dung thi nghiém dwgc md
ta theo PubChem BioAssay (AID 2486). Do 46,
dich & day la hoan toan xac djnh.

Tiéu chi 2 (thuat todn rG rang)

Phuwong phap x@y dwng cidc mé hinh trong
nghién ciru ndy deoc md td & trén. Mo hinh
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toan hoc dwoc phat trién site dung ky thuat LDA,
MLP va SYM d& bidu dign méi quan hé giiva dich (irc
ché UPS) va céc tham sé phan tr TOMOCOMD.
Céc k§ thuét nay da duoc mo ta khd ky trong cac
13i lidu tham khao, cac chi s6 TOMOCOMD cling
da dugre dinh nghta 16 rang 24, Vi thé mo hinh co
thé duwoc xay dng lai va diege sir dung d& phat
én céc hop chét UPS-| mai.
Tiéu chi 3 (mién céu tric xdc dinh)

S& dung két qua cba chwong trinh
AMBITDiscovery ™, co 34 hgp chét clia TS ndm
ngoai mién ciu tric cla cac md hinh. Két qua
nay cb thé chdp nhan duoc theo nhwr cong bd
cua cdc aghién cleu trede day ().

Tiéu chi 4

Danh gia noi

Két qua ¢lia qua trinb danh gia ndi s dung
phwong phap déanh gia chéo {cross validation -
CV). Trong themg hop nay, 10% céac hop chat
clia TS duoc @& & ngoai, sau @6 mb hinh dugce
xay dung lai voi 90% hop chat con lai, rbi st
dyng mé hinh nay dy doan 10% cac hop chat bi
bd ra ngoai do. Két qua cac danh gia chéo dwgc
bidu dién trong bang 1.

Bang 1: Cac théng s6 théng ké cta 3 mé hinh
trong CV 10%

M6 hinh Q% Se% Sp%
LDA 85,26 84,63 85,28 14,13
MLP 87,03 84,06 88,96 10,08
SW 88,90 86,34 90,64 8,62
Theo nhur cac két qua nay, mé hinh frong ddi
n dinh v khdng bi phy thudc vao bat ky hop
chét hay nhom hop chét nao cia TS.

Dénh gia ngoai

S dung md hinh d& dy dodn cac hop chét
1rén tap kiém nghiém. Tap kiém nghiém bao gdm
nhi*rng phan 1 mé mé hinh chwa bao giér nhin
théy trong qua trinh hun luyén, Két qua cia qua
{rinh danh gia ngoai dirg'c mé ta trong béng 2.

FP_ %
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Bang 2: Cac théng s6 thong ké ctia 3 mé hinh

trén tap PS
M5 hinh Q% Se%  Sp% FP.%
Lba 81,62 8008 82,0 16,88
MLP 8517 8292 8638 1266

svM 8349 82,18 8391 15,23

Theo nhu quan sat trén bang 2, cac md hinh
¢6 kha nang dyv doan tuong ddi cao (mé hinh
MLP dy doan chinh xac 85,17%), va kha nang
nhém 1&n khi két luan mét chét khdng c6 hoat tinh
14 ¢o hoat tinh twong ¢&i thdp (d6i véi mé hinh
MLP 12 12,66%).

Tiéu chi 5

Gidi thich co ché (néu cé thé). Trong trwdmg
hop nay, do ddc thu clia CSDL va cac tham
s6 phan ¢ §uec siv dung nén nghign ctbu nay
khong tién hanh gidi thich co ché.

Trong nghién clru, cdc md hinh QSAR méi
dugc xay ding c6 kha ndng di doan twong déi
cao. Cac két qua trén tap hudn luyén & 81,62%,
83,49% va 85,17% Jan lwgt cho cac mé hinh
LDA, MLP va SVM, va kha nang nham 1an mat
chat khéng c6 kha nang (rc ché thanh co kha
nang cao nhét chi ¢6 16,88%. Didu nay, chivng t&
mb hinh 66 kha nang phat hién/dy doan tit. Cac
mé& hinh st dyng LDA ¢6 chat lweng kém hon
cée mé hinh st» dung cac ky thuét hoc may. Tuy
nhién, cac mé hinh LDA cé wu thé 14 chi rd trong
s6 cla trng tham sé phan 1@ cho tac dung sinh
hog, dieu ma cac md hinh hoc méy khong lam
dvge. Cudi cing, céc md hinh méi dwge danh
gid cén than theo cac tiéu chi clia td chis OECD.
Tuy ting muc dich, cac mé hinh nay co thé duge
sl dung don 1& hay két hop dé sang loc hoat tinh
e ché UPS cho céc hop chat.

Két luan

Trong nghién ctru nay, 3 md hinh QSAR meéi
da duoe xdy ding thanh cong d@é biéu dién méi
quan hé dinh lwong gitra chu fruc va tac dung ¢
ché UPS s(r dung céc ky thuat xac xuét théng ke
(LDA) va tri tué nhén tao (MLP, SVM). Cac md
hinh xay dyng dugc dat dé chinh xéc cao va ddu
thda méan cac danh gia theo cac nguyén tic cia
OECD. Do d6, cac mod hinh nay ¢é thé duoc st
dung b&i bét ky trung tam hay vign nghién cieu
n&o trong qua trinh tim kim hop chat mai UPS-|
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ma chi cin théng tin v& cAu tric phan tir. Viéc
st dung nhikng cdc md hinh nay néi riéng cing
nhi cac phirong phap trong nghién ctru né&y noi
chung c6 thé gitip tiét kigm thoi gran va tién bac
trong vidc sang loc nham phat hién cac hop chét
dan dudng md trong qué trinh nghién clu va
phiat trin cac thubc chiva ung thu thé hé moi.
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