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TOM TAT
M6 diu: Trong nhitng ndm gin diy cic enzym topoisomerase, enzym cin thiét cho hoat déng sao chép,
phién ma va tii t6’ hgp ADN, tré thanh mot trong nhitng muc tiéu diy hita hen trong viéc nghién ciru téng hop
cic thudc khing ung thw moi. Trong s6 nhitng hop chit thé hién hoat tinh ikc ché’ topoisomerase, nhiéu chit

tuong dong tong hop ciia ho alkaloid benzo[clphenanthridin (BCP) dwoc nghién citu. Trong dé, cic chit
ethoxidin, NK-109 va topoval (ARC 111) la nhitng chit co tiém ning sw dung trong hoa tri ligu ung thie.

Muc tiéu: Nghién ciru khd ning gin két cua cdc chat twong dong BCP véi phirc hop TOP-I:ADN va xdy
dng md hinh phdn logi cdc chat twong dong BCP c6 khd ning tkc ché’ TOP-I bang phwong phdp mdy vector hd
tro SVM.

Phuwong phap: Phirong phip mo hinh mo ta phan tir docking va phuwong phip may hoc SVM dueoc sir dung
trén co so div ligu cdc chat tiong dong BCP vdi hoat tinh tec ché TOP-I.

Két qua: Ste dung chieong trinh mé td phan tir DOCK 6.2, khd ning gin két 6 mirc dg phén tir cia cic ddn
chat BCP v6i phitc hop DNA:TOP-I dugc phin tich. H¢ thong vong cia tat cd dan chat BCP cd khd ning tao
lien két rt-rt v6i Guanin G11 ciia ADN va nam & vi tri song song va xen vao giika cdc cip base G11/C112 va
A113/T10 ctia cdu triic ADN va han ché’kha ning tao thanh phitc hop gitta DNA va TOP-1. Két qua docking cho
thiy cdc chat tuong dong BCP c6 xu huéng gin két véi DNA hon la TOP-1. Phwong phdp mdy vector hd tro
SVM duwogc sir dung véi muc dich xdy dung mo hinh dw doin va phian logi 73 chat tuong dong BCP trén hoat
tinh khing TOP-I. M6 hinh SVM tot nhét dwoc xdy dwng bing g6i SVM - e1071 trong R v6i thong so'toi wu ciia
ham kernel (C=4, y=0,25) va thong s6'md td xdc dinh bang phuong phdp rieng ngdu nhién RF. Mé hinh SVM
nay c6 kha ning dw dodn diing 93% cic chdt trong tdp hudn luyén va 87% cdc chit trong tdp hop kiém tra.
Ngoai ra, md hinh con dwoc dinh gid lai trén tdp hop thir ngogi (khdng dung dé’ xdy dwng md hinh) cho d¢ diing
89% (dw dodn duing 8/9 chit) va tdp hop 1ng dung cho dj diing 80% (dw dodn diing 8/10 chat). M6 hinh SVM
duwoc xdy dung chirng to kha nang phin logi chinh xdc chat c6 hoat tinh (80-100% tuy tdp hop).

Két lugn: M6 hinh docking cho thdy cic chat twong dong BCP c6 xu hwéng gian két manh véi ADN hon la
TOP-I va cin thwc hién cic thir nghiém xdc dinh mikc d¢ ngn két véi ADN va enzym riéng ré dé’khzfng dinh lai
két qud nay. Mo hinh phin logi SVM dwoc dp dung trong sang loc, phin logi cic chit twong dong BCP duea trén
tdc dung sinh hoc cia cdc chat twong dong BCP da va sip téng hop. Tik nghién citu nay, cdc cdu triic BCP mdi sé
dugc thiét ké, tong hop va thir tdc dung v6i muc tiéu tim kiém chit cd tic dung ke ché’ TOP-I va khing ung thuw
manh.

Tir khéa: Khing ung thie, topoisomerase, benzo[clphenanthridin, thiét ké thudc, docking, mdy vector ho
tro, SVM, phin logi.
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ABSTRACT

RATIONAL DRUG DESIGN OF BENZO[C]PHENANTHRIDINE DERIVATIVES WITH
TOPOISOMERASE-I INHIBITORY ACTIVITY

Khac Minh Thai, Huynh Thi Ngoc Phuong, Nguyen Thuy Quyen, Do Thi Ngoc Mai,
Bui Quang Huynh * Y Hoc TP. Ho Chi Minh * Vol. 14 - Supplement of No 1 - 2010: 6-14

Background: For recent years, the topoisomerases are promising antitumor drug targets for design new
anticancer novels. Among the compounds expressing a topoisomerase-targeting activity, the alkaloid family of
benzo[clphenanthridine (BCP) is well known including nitidine, fagaronine, chelerythrine, sangunarine...
Ethoxidine, NK-109 and topoval (ARC 111), BCP synthetic analogues, are expressed as potential agents using in
cancer chemotherapy.

Objective: Aims of this research are the molecular modeling study of the interaction between BCP analogues
and DNA-TOP-I complexes as well as design the support vector machine SVM model for classification BCP
compounds with topoisomerase-1 inhibitory property.

Method: Both ligand-based and structure-based approaches are applied on a series of BCP with
antitopoisomerase activity. For the ligand-based design, the machine learning method namely support vector
machine (SVM) is used to classify and to predict BCP compounds.

Results: Based on crystal structure of DNA:TOP-I complex, 53 BCP derivatives were successfully docked
into the complex by DOCK 6.2 program. Docked BCP:DNA:TOP-I complexes indicated that BCPs tend to
establish strong interaction with DNA more than TOP-1. The interaction between BCP analogues and
DNA:TOP-I complex was also analysized. The best SVM model based on 73 BCP analogues was built from the
SVM-e1071 package in R with the optimal settings of the Kernel (C =4, y = 0.25). The final SVM model with
total accuracy of 93% for training set of 58 compounds was archived using a set of 7 descriptors identified out of a
large set via a random forest algorithm. Moreover, the power for SVM classifier was validated internally by a test
set of 15 compounds. This SVM model gained the overall accuracy up to 87% and the Matthews correlation
coefficient (MCC) of 0.71. For two external test sets, 89% and 80% BCP compounds, respectively, were correctly
predicted. The SVM model has proved its ability to classify correctly BCP analogues that have a positive activity,
with an accuracy from 80 to 100% overall.

Conclusion: These in silico models including molecular modeling and SVM clasification could be applied to
search and to design the new analogues of BCPs which express highly topoisomerase I inhibitory activity.

Keywords: anticancer, topoisomerase, benzo[c] phenanthridine, drug design, docking, support vector
machine, SVM, classification
DAT VAN DE goc tong hop khang ung thu duwgc st dung

Su xuat hién cac dong t& bao ung thu hién nay c6 co ché khang topoisomerase-2 nhw

khang thudc thtc day cac nha khoa hoc tim
kiém khong ngling nhitng tac nhan khang ung
thw mdi. Trong nhitng ndm gan day, :
topoisomerase-ADN (TOP-ADN) - mot enzym Trong s6 nhang hop chat the hién tic dong
can thiét cho cac hoat ddong sao chép, phién ma khang TOP-ADN, nhoém al,caloi,d
va ti t6 hop ADN binh thudng ctia té bao - tro Penzo[c]phenanthridin (BCP) dwoc biét dén
thanh mét trong nhﬁ’ng muc ticu d‘éy ha hen nhiéu. 17\Th1éu C6ng trinh nghlén Cl%u duoc thl,l’C
cho viéc tim ki€m va phat trién cac thuGc hién dé tim nhiing con duong tong hop BCP
khang ung thw (1,10,15). Nhiéu thudc ngudn thién nhién (fagaronin, nitidin... Hinh 1) dap

amsacrin, asulacrin, mitoxantron, loxoxantron,
piroxantron..., hodc khang topoisomerase-1
(TOP-1) nhuw topotecan, irrinotecan...(4,5,6)
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tng cho viéc nghién ctu co ché tic dong &
mttc d phan t cta chung (6,14). Bén canh do
cac chat twong dong BCP ciing dwgc tong hop
va nghién ctu ddc tinh t&€ bao ciing nhu kha
nang tc ché TOP-ADN. Trong sd nhitng chat
twong dong tong hop nay, ARC-111 va NK109
(Hinh 1) hién la hai tng vién tiém ndang st
dung trong hoa tri liéu ung thu (12). Bén canh
d6 ethoxidin, mot dan chat 12-ethoxy BCP, thé
hién dgc tinh t€ bao c¢d y nghia trong tha
nghiém in vitro trén nhitng dong t€ bao ung
thu mdau (leukemia) ¢ nguwoi. Nhiing thw
nghiém sinh hoéa cling cho thay ethoxidin ¢6 ai
liec gén két véi ADN va kha néng tic ché TOP-
1 dang ké trong do6 vai tro ctia nhom 12-
ethoxy duoc cho 1a can thiét trong tac dong tc
ché TOP-1 cua phan t& nay (6). Cac nghién cttu
vé mdi quan hé ciu truc cua cac chat twong
dong BCP va dgc tinh t€ bao cling cho thdy chic
amid lactam déng vai tro quan trong vi c6 thé
lam tang sinh kha dung ctia cac hop chét nay (1).
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V6i muc tiéu tim hiéu thém vé co ché tac
dong ¢ mirc do phan tir ciing nhuw thiét ké va
tong hop ra cac chat twong dong BCP chong ung
thu manh, cadc phuwong phéap cua thiét ké thudc
hop ly duoc tng dung nghién cttu cac chat
twong dong BCP va hoat tinh khang
topoisomerase-I (TOP-I). Nghién ctru két hop 2
phuong phéap (i) phuong phap dua vao ciu
trac muc tiéu tac dong la nghién ctu mo6 hinh
mod ta phan ti docking va (ii) phwong phap
dua vao cau tr ligand 1a phéan loai cac chét co
hoat tinh ttc ché TOP-I bang may vector ho tro
SVM. Két qua t&r nghién ctru nay cé thé tng
dung dé dy doan hoat tinh sinh hoc cta cac
chat tuong dong BCP va dinh hudng tong hop
cac chat tuong dong BCP c6 tac dung khang
ung thu manh. Ttr d6, cac chat twong dong
BCP duoc lwa chon d€ tong hop va thit nghiém
doc té€ bao ciing nhu kha nang tic ché enzym
TOP-1.
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Hinh 1. Cdu triic hda hoc cia cic dan chat va chat twong dong BCP c6 hoat tinh trc ché' TOP-I

POITUONG - PHUONG PHAPNGHIEN CUU
Co so di lieu

Tong cdng 82 chat twong dong BCP vdi hoat
tinh trén TOP-I duoc thu thap ttr cac cong trinh
nghién cttu cta La Voie va cong su (8, 10, 14, 18,
19). Hoat tinh trén TOP-I cua cac chat nay dwoc
danh gia dwa vao chi s0 thé hién sy tc ché qua
trinh tach ADN gién tiép thong qua TOP-I (TOP-
I-mediated DNA cleavage). Chi s6 hoat tinh trén
TOP-I duoc bidu hién bang nong do hiéu qua
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twong ddi (relative effective concentration - REC)
gitta dan chat thtr nghiém va topotecan (mot
chat duoc chiing minh la ¢6 hiéu qua trén TOP-
I). Chi s6 hoat tinh trén TOP-I ctia topotecan
dwoc an dinh la 1 (10, 14). Dua trén hoat tinh
TOP-], cac chat duoc phan lam 2 nhém hoat tinh
la manh hon va yéu hon topotecan. Cac chat c6
hoat tinh manh hon so véi topotecan cho gia tri
chi s6 hoat tinh trén TOP-I nhé hon 1, va nguoc
lai, dan chat c6 hoat tinh y&u hon cho gid trj 16n
hon 1. Bong thoi, cac gia tri hoat tinh tc ché



TOP-I ciing nhu cac gia tri doc tinh t& bao (ICs)
trén dong t€ bao ung thuw RPMI8402 ctia 53 chat
twong dong BCP duoc thu thap (10,14).

Phuwong phdp dwa vao ciu trac muc tiéu tac
dong — M6 hinh mé ta phan tit docking

Docking la phuong phép thiét ké thudc dua
vao cdu tric muc tiéu tac dong, nghién ctru kha
nang gan két ctia mot hay nhiéu phan tir thudc
(hay cdu tk, ligand) 1én trén muc tiéu tac dong
(thu thé, enzym hay cac protein, ADN) trong
khong gian 3 chiéu. Chuwong trinh DOCK 6.2
duoc st dung dé€ tién hanh thi nghiém (2).

Cdu trac tinh thé tia X cua
ADN:TOP1:Indenoisoquinolein (pdb 1SC7)
trinh bay & Hinh 2 c6 do phan giai 1a 3A dugc
tai vé may tinh tr ngan hang co so dir liéu
protein (protein data bank
http://www.pdb.org) (16, 17). Diém tac dong
trén phic hop ADN:TOP1 (pdb 1SC7) dugc xac
dinh 13 tit ca cac acid amin va acid nucleic
trong pham vi khéng gian 6A tinh tir trung tam
phan tir indenoisoquinolein(16).

Hinh 2. Ciiu triic tinh thé'phitc hop ADN:TOP-
I:Indenoisoquinolin MJ-1I-38 (pdb 1SC7)
Phwong phap dwa vao cau tix ligand — Phan
loai cac chat c6 hoat tinh (c ché TOP-I
bang phuong phap may hoc SVM

M4y vector hd trg SVM la phuong phép
may hoc cé sy gidm sat duoc su dung trong du
doan phan loai va dinh luong (13, 17). SVM giai
quyét ca hai truong hop, tuyén tinh va khong
tuyén tinh bang mot ham kernel, ciing nhu cac
phuong phdp théng ké khac, ham nay phu
thugc vao mot sd tham s6 ma khi giai quyét
duoc cdc tham sb d6 xem nhu da co ban thuc
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hién duoc sy phan loai. Ham kernel hién dién 4
loai co ban (9, 13, 21), mdi loai teong tng voi
nhiing tham s6 khac nhau, trong nghién ctu st
dung ham RBF kernel, véi cap tham sd (C va y).

Trinh ty tién hanh xay dung mo hinh phan
loai SVM (7, 21) trinh bay ¢ Hinh 3 bao gom céc
budce (i) Chuan bi co s¢ dit liéu (ciu tric va hoat
tinh sinh hoc), (ii) Tinh toan thong s6 mé ta phan
t (sit dung phan mém Dragon), (iii) Lwa chon
thong s6 mo ta phan tw, (iv) Xt ly co s¢ dir liéu
(tap hop huén luyén, kiém tra), (v) Xay dung
mo hinh phéan loai SVM (xac dinh thong sd
ham Kernel t6i vu bao gom 2 gia tri [C, y], d0
dung, d¢ chinh xdc, danh gia chéo Leave-one-
out, hé s6 twong quan Matthews MCC), (vi)
Danh gia lai mo6 hinh trén tap hop kiém tra,
tap hop bén ngoai khong dung xay dung mo
hinh, (vii) Ung dung md hinh phéan loai cac
chéat ¢ hoat tinh c ché TOP-1.

1. Chuan bjco s& dir liéu
(Cau trac hoa hoc 2D - Hoat tinh sinh hoc)

2. Tinh toan théng s & mod ta phan t o
Phan mém Dragon

3. Lwa chon théng s 6 moé ta phan t o
3 phuong phap: mRMR, GA, RF

4. Xlrlyco s& divliéu
Quy déi ty &, phan chia tap hop

5. Phan lo ai may vector h & tror
Chon tham sb t6i wu (C, ¥) cho SVM
B dung, dd chinh xac, gia tri MCC

6. Panh gia — So sanh — ng dung

Hinh 3. Tién trinh xdy dung mo hinh phin logi mdy
vector ho tro

KET QUA VA BAN LUAN

M6 hinh m6 ta phan t&t docking

Kha ning gin két ciia BCP trén TOP-I 6 mitc
d6 phan tir



Cac chat tic ché hoat dong cua enzym TOP-I
hién nay dwgc chia lam 2 nhom (1, 15). Thit nhat
la nhém chat kim ham (suppressor) hoat tinh
enzym TOP-I. Nhom nay la nhitng chét tic ché
hoat dong enzym TOP-I nhung khong lam bén
trang thai trung gian cua phitc hop DNA:TOP-L
Cac chat nhom kim ham hoat dong TOP-I
thuong gan két véi ADN lam cho TOP-I khong
thé nhan dién ra diém gan két chuyén biét trén
ADN va két qua 1a tec ché sy thanh 1ap phuic hop
gitta TOP-I va ADN. Co ché kim ham nay hoat
dong theo co ché twong tranh (thudc va TOP-I
canh tranh gan két trén co chat la ADN) va
enzym van c6 hoat tinh nhung khong c6 co chat
dé hoat dong. Két qua 1a 1am ngting chu trinh t€
bao. Thit hai la nhom gay doc TOP-I (poison).
Nhom nay bao gdom nhiing chat ¢ tac dong
chdng sw tach ra cua phttcc ADN:TOP-I sau khi
TOP-I dén gan két va cat doan ADN. Cac chat
gay doc TOP-I hoat dong theo nguyén tac la gan
két véi ca hai, TOP-I 1an ADN, trong phttc hop
ADN:TOP-I bang lién két dong héa tri, bén héa
phtic va lam v& sgi kép ADN. Sy hién dién cua
soi ADN don duoc nhan dién va tin hiéu nay
lam ngting chu trinh t€ bao. Két qua cudi cung la
su huy bao.? Trong nghién ctru nay, sau khi tién
hanh docking, phttc hop ADN:TOP-I:BCP duoc
phén tich trén kha ning gan két véi phtic hop
hay ADN riéng lé.

Tong so 53 chét twong dong BCP docking
thanh cdng vao phtic hop. Piém s6 gan két
thay do6i tir -57.57 kcal/mol dén -36.27
kcal/mol. T4t ca cac cau dang trong cau truc
phtic hop duegc phan tich va so sénh nham giai
thich méi lién quan gitra cdu tric hoéa hoc va
tac dung sinh hoc. Phéan tich két qua docking
cho thdy tat ca cac chat twong dong BCP déu
c6 kha néang tao lién két m-n v6i Guanin G11.
Hé thong vong ctia chat twong dong BCP c¢6 xu
hwéng nam o vi tri song song va xen vao gitta
cac cdp base G11/C112 va A113/T10 cua cau
trac ADN va han ché kha ning gan két cta
ADN v6i TOP-I (v6i ATGC la tén cta cac
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nucleotid). Két qua docking cling cho thay
nhém chét twong dong BCP c6 xu hudng can
trd khong gian do tao lién két bé mat véi ADN
nhiéu hon kha ning gan két véi TOP-1. Diéu
nay c6 thé giai thich do ciu trac ‘ciing’ ctia hé
thong vong va kha nang chen vao cau truc
ADN. Bén canh d6, mot sd chat twong dong
BCP ciing c6 kha nédng tao lién két vi TOP-1 &
cac acid amin Asn352, Arg364, Asn722,
Glu356, Lys425. Tuy nhién, két qua docking
cho thdy xu hudéng gan két ré rét ctia nhing
hop chat nay trén ADN nhiéu hon la trén TOP-
I. Két qua nay cho thay da so cac chat trong 53
chat tuong dong BCP dwgc tién hanh docking
hoat dong theo co ché kim ham hoat tinh TOP-I
(suppressor).
Ung dung

Nghién ctu docking dong thoi duoc tién
hanh vé6i mét s6 chét twong dong BCP maéi duoc
tong hop (19). Chat K7511-NP22 véi cau trac
trinh bay ¢ hinh 4A ¢6 dgc tinh t€ bao ICso = 2.0
UM va 5.97 uM lan luot trén dong té bao ung thw
KB-3-1 va L1210. M hinh docking cho thay chét
nay c6 kha nang gan két t6t véi phizc hop TOP-
I.DNA. K7511-NP22 c¢6 kha nang tao 2 lién két 1¢
Tt song song va 1 lién két cation-Tt v4i adenin.
Kha ning gan két ctia trén TOP-I ctia chat nay
thé hién bang 2 lién két hydro véi Arg364 va
Lys432, tuy nhién hai lién két nay twong doi yéu.
Kha néng gan két & mic dd phan tir ciia K7511-
NP22 c6 thé dung giai thich cho kha nang tic ché
hoat dong cua TOP-I béng cach canh tranh vdi
TOP-I trong viéc hinh thanh phttc hop véi ADN,
can tro hoat dong ctia TOP-I trong viéc tiép
can va gan két véi ADN va lam ngling qua
trinh sao chép, phién ma va tai t6 hop ADN.
Mb hinh gan két & mtc dd phan ti trong
khong gian 3 chiéu ctia K7511-NP22 véi phtic
hop ADN:TOP-I duoc trinh bay ¢ Hinh 4B va
md hinh tuong tng thé hién kha ning gan két
0 khong gian 2 chiéu duoc trinh bay ¢ Hinh 4C
(hinh tao bdi chuong trinh MOE (11)).



(A) | (B)

()

Hinh 4. (A) Ciu triic chat K7511-NP22 ; ( B) M6 hinh gin két & mikc do phan tir trong khong gian 3 chiéu cua
K7511-NP22 véi phitc hop ADN:TOP-I; (C) M6 hinh biéu dién khd ning gin két 2D ciia K7511-NP22 v6i phitc

hop ADN:TOP-L.

M6 hinh phan loai cic chat twong dong
BCP trc ché TOP-I
Xay dung moé hinh SVM

Co sO dir liéu gom 82 chat dugc phan chia
thanh 3 tap hop (20) bao gom (i) Tap hop huan
luyén dung dé€ xay dung mo hinh ¢4 58 chat, (ii)
Tap hop kiém tra cé 15 chat, (iii) Tap hop danh
gia c6 9 chat khong st dung trong xay dung mo
hinh. D€ lyra chon ra cac thong sd twong quan tot
va mo ta dugc cau truc lién quan dén hoat tinh
sinh hoc, cac budc chon loc duoc tién hanh. Tt
cac 2032 thong s6 mo ta phan t tinh toan twe
phéan mém Dragon (3), cac thong s6 chita toan bd
gia tri 0 duoc loai bo con lai 533 thong so. Tiép
theo, 420 thong s dwgc loai bo vi ¢d: (i) hon 80%
dan chat trong tap hop chita gid tri 0, (ii) gia tri
d6 léch chuan nhé hon 0,5, (iii) hé s6 twong quan

chéo gitra cac thong s6 >90%. 103 thong s6 con
lai dwoc dp dung vao 3 thuat toan (i) mRMR:
phu hop toi da, du thtra t6i thiéu - Max-
Relevance, Min-Redundancy, (ii) thuat toan di
truyén GA - genetic algorithm, (iii) “rtng ngau
nhién” - RF - Random Forest). Két qua cho thdy 7
thong so lua chon tr phwong phap RF (Bang 1)
cho két qua phan loai on dinh va t6t hon 2
phuong phép lua chon con lai. Bong thoi, mot
loi diém nita khi st dung thong s6 mo ta tir RF
1a stt dung 7 thong s6 md ta phan tir nhung kha
ndng phan loai tdt hon khi st dung 10 thong sd
trt mRMR va 16 ttt GA. Bén canh d6, mo6 hinh
SVM st dung thong s6 md ta tir RF c6 sd vector
hd tro st dung ciing thap hon cac tp hop thong
sO con lai.

Bdng 1. Thong s6'md td phin i dweoc chon loc tir phwong phdp RF va sir dung dé'xdy dung mo hinh SVM phin

logi

Nhém théng s & Ténthong s 6

Mb ta thong s 6

N D/Dr05 Chi sb khoang cach/vong bac 5
Thong so hinh hoc Topo L. . ) N
D/Dr06 Chi s6 khoang cach/vong bac 6
MPCO06 Sé lwong chi diém phan tir bac 06
Thong s6 dwa vao dém céc MPCO8 Sé lwong chi didm phan t& bac 08
néi va cau trac -
MPC10 Sé lwong chi diém phan t&r bac 10
o .. FO5[C-C] Tan suét clia C-C & khoang céch Topo 05
Chi diém tan suat 2D R .. . .
FO8[N-O] Tan suat cia N-O & khoang cach Topo 08

Trong qua trinh xay dung md hinh SVM
(13), viéc xac dinh thong sd tdi wu nhat cho
ham kernel ciing rdt quan trong nham han ché
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16i phan loai. Thuat todn do tim Grid dwoc st
dung trong nghién cttu véi muc dich xac dinh
thong s8 t&i wu ctia ham kernel sao cho 16i



danh gia chéo khi phéan loai 1a nhé nhat. Cap
thong s& (C=4, v=0,25) cho két qua 16i danh gia
chéo thdp nhat (0,17) va do dang cao nhat
duoc xac dinh va st dung dé€ xay dung mo
hinh. Tt két qua trén, 7 thong s6 mo ta phan
te xac dinh tt phuwong phap RF (Bang 1) va
thong sO t6i wu ctia ham kernel (C=4, y=0,25)
duoc stt dung &€ xay dung mo hinh SVM bang
cach stt dung phan mém SVM - 1071 trong R.
Két qua trinh bay ¢ Bang 2 cho thdy m6 hinh
SVM ¢6 kha nang phan loai dting 93% cac chat
trong tap hop hudn luyén va 87% cac chat
trong tap hop kiém tra. Hé sd twong quan
MCC ctia m6 hinh 6n dinh duy tri & muc trén

0,7 d6i v6i ca 3 tap hop : hudn luyén, kiém tra
va danh gia ngoai. Theo mot sd nghién ctru,
md hinh cé hé s6 MCC > 0,4 dwoc xem la mo
hinh cé kha nang dy doan (9). M6 hinh xay
dung dwoc danh gia trén tap hop danh gia
(g6m nhiing chat khong st dung dé xay dung
md hinh) cho két qua phén loai dung 8/9 chat,
twong ung véi 89% cac chat trong tap hop.
Phan tich két qua cho thdy mo hinh c6 kha
nang phan loai chinh xac cac chat c6 hoat tinh
tc ché€ TOP-I manh hon hodc yéu hon
topotecan va c6 thé ing dung trong thuc t&
cho cac chat cé ciu truc twong dong BCP khac.

Bdng 2. M6 hinh phén logi SVM dya vao 7 thong s6'md td phan tie xdc dinh bang phwong phidp RF

Panh gia Taphuanluyén Tap kiém tra T ap danh gia T ap rng dung

P 13 3 4 5

TN 41 10 4 3

FP 2 0 1 0

FN 2 2 0 2
Do dung cta tap hop 0,93 0,87 0,89 0,80
Do ding trén chét co hoat tinh 0,87 0,60 1,00 0,71
Do dung trén chat khoéng hoat tinh 0,95 1,00 0,80 1,00
Do chinh xac clia chét c6 hoat tinh 0,87 1,00 0,80 1,00
D6 chinh xac ctia chat khong hoat tinh 0,95 0,83 1,00 0,60
Heé sb twong quan Matthews MCC 0,82 0,71 0,80 0,65

Voi TP va TN Ian lvot 1a sé luong hop chat co hoat tinh va khong c6 hoat tinh dwoc dy doan ding tir mo hinh. FP va FN lan
Iwot 1a s6 lwgng hop chat khdng co hoat tinh va c6 hoat tinh dwgc md hinh dy doan sai.

Ung dung mé hinh phin logi SVM

Mo hinh SVM duwoc danh gia mirc d6 chinh
xé4c va kha nang tng dung trén tap hop 10 dan
chat BCP mdi duoc tong hop nam 2008-2009
boi nhom nghién cttu La Voie va cong st (4, 5).
Trong 10 dan chat nay, 7 chat co hoat tinh
manh hon topotecan, 3 chat khong hoat tinh.
Két qua duogc trinh bay ¢ Bang 2 cho thdy caa
md hinh phéan loai dung 8/10 chat cta tap hop
va dat do dung 80%. Bén canh d6, do chinh xac
ctia chdt c6 hoat tinh 1a 100%. Gid tri nay cho
thdy mo hinh c6 kha nang phéan loai chinh xac
cac chat ¢ hoat tinh hon 1a cac chat khong c6
hoat tinh. Biéu nay hoan toan phu hgp véi muc
tiéu cta nghién ctu la tim kiém cac chat c6 kha
nang trc ché TOP-I d€ phat trién thanh cac thudc
khang ung thu ¢ kha ning st dung trong diéu
tri.
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Tt chat khoi nguon ethoxidin (hinh 1), viéc
dwa thém vao khung BCP cdc nguyén tixt N cd
kha nang lam gia ting dién tich am va nhém
ethoxy C12, hy vong la sé tim ra nhiing chat
twong dong BCP mdi voi tic dong tc ché
topoisomerase-1 manh hon. Téng cong 12 cau
trac tuong dong BCP duoc thiét ké va tng dung
vao mo hinh d€ du doan hoat tinh 1tc ché TOP-I.
Két qua cho thay 6 trong 12 chat tuwong dong
BCP thiét k&€ dwoc du doan la c6 kha néang tic
ch& TOP-I manh hon topotecan. Trong s 6
hop chat nay, c6 4 dan chat 12-ethoxy BCPs.
Nhom 12-ethoxy trong khung BCPs dwoc cho
la can thiét trong viéc dinh hudng vao ranh
nho (small groove) cia ADN va ngdn can
TOP-I tién dén vi tri gan két cta chung trén
ADN (6, 10). Céc chat du doan c6 kha nang tic
ché& TOP-I sé duoc wu tién tong hop va thwe



nghiém in vitro vé tadc dung sinh hoc bao gom
tac dong tGic ché€ TOP-1 va ddc tinh trén cac
dong t€ bao ung thu.
KETLUAN

Thiét k& thuSc hop 1y véi s hd tro ctia may
tinh va dwgc tinh hoc la chuyén nganh méi cta
Hoéa Duoc va da tng dung thanh cong trong
nghién ctu va phat trién thu6c mdi. Trong
nghién cttu nay, St dung chwong trinh mo ta
phan tit DOCK 6.2, kha nang gan két & muitc d6
phén t& cta cac chat tuong dong BCP véi phtic
hop ADN:TOP1 duoc phan tich. Két qua cho
thdy cac cdu trac twong dong BCP ¢6 xu hudng
gan két véi ADN hon 1a TOP1 va can thuc hién
cac thtr nghiém xac dinh murc do gén két véi
ADN va enzym riéng 1é dé khang dinh lai két
qua nay. Phuong phap mdy vector hd tro SVM
duoc st dung véi muc dich xay dung mo hinh
de doan va phan loai 73 chidt tuong dong
benzo[c]phenanthridine trén hoat tinh khang
topoisomerase 1. M6 hinh SVM t6t nhat duoc
xay dung bang géi SVM - el071 trong R véi
thong sO t6i wu cua ham kernel (C=4, y=0,25).
Ngoai ra, m6 hinh con duoc danh gid lai trén tap
hop thtr ngoai (g6m cac chat khong dung dé xay
dung mo hinh) cho d6 diang 89% (dy doan ding
8/9 chat) va tap hop tng dung cho do dung 80%
(du doan dtng 8/10 chat). M6 hinh ching té kha
nang phan loai chinh xac chat c¢d hoat tinh (80-
100% tuy tap hop). Két qua nay ching to mod
hinh c¢6 kha nang phén loai cac chat ¢ kha nang
tec ch& TOP-I trén day chat twong dong BCP. Mo
hinh nay c6 thé tang dung trong thuc t€ d€ duw
dodn hoat tinh 1tc ché TOP-I ctia cic ciu tric
twong dong BCP mdi trude khi tdng hop, gop
phéan vao viéc tim kiém cac chat cd hoat tinh
khang TOP-I t6t d€ phat trién thanh cac thudc
khang ung thu ¢ kha ning st dung trong diéu
tri. Két qua nghién cttu nay cling cd thé tng
dung dé€ thiét ké ra cac cau trtc twong dong BCP
¢6 hoat tinh sinh hoc cao hon.

Ung dung phuong phap thiét k& thudc hop
ly nay gitip gidm chi phi trong nghién cttu tim ra
thuéc méi vi loai bo ngay tir dau cac chat duy
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doan khong c6 hoat tinh, tang ty 1€ thanh cong
va dong thoi rit ngan thoi gian trong tim kiém
cac chat ¢ hoat tinh khang TOP-1. Bén canh y
nghia khoa hoc, dé tai con xdy dung duoc
protocol thuwc hién qué trinh docking bang
cach két ndi cc chuong trinh mién phi va ting
dung trién khai 6 qui m6 phong thi nghiém.
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