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SUMMARY

2D-QSAR MODEL BASED VIRTUAL SCREENING FOR KINESIN EG5
INHIBITORS IN HUMANS

Human mitotic kinesin Eg5 which function is helping the formation of bipolar mitotic spindle, and has
been indetified as a potential target for new drug development in cancer chemtherapy. In this study, the
2D-0OSAR model was built to find the correlation between Eg5 and its inhibitor, which was performed
using  previously reported Eg5 inhibitors such as dihydropyrazol,  dihydropyrrol,  4-
phenyltetrahydroisoquinolin, and thiophen derivatives. 2D-OSAR model based on 5 descriptors of 92

compounds was built with R* = 0,86, RMSE = 0,47; % =0.81; Arnzl = 0.09. Applying the model to the
screening process, 296 drugs were obtained from the DrugBank library, and 2464 substances from the
ChemDiv library. These compounds are potential candidates for potent inhibition of the Eg5 enzyme. The
analyses may be used to design more potent Eg5 inhibitors and predict their activities prior to synthesis.
Keywords: 2D-QSAR, cancer, Eg5 enzyme, virtual screening.

1. GIOI THIEU trién va khong thé gin vao kinetochore, tir d6
Kinesin 1a mot protein thudc loai potein van lam cho qua trinh nguyén phan khong xay ra
dong, duoc tim thdy trong nhén té bao. Kinesin duogc. Két qua cho thiy t& bao bi ngimg phat
di chuyén doc theo soi truc vi 6ng, va duoc thic trién va té bao sé& chét theo chuong trinh apotosis
day boi qua trinh thiy phan ctua adenosin [3]. Vi vy, phat hién ra cic chat héa hoc c6 kha
triphosphat (ATP). Enzyme kinesin Eg5 ciing ning rc ché enzyme Eg5 1a myc tiéu nghién ctru
gidng nhu cac protein kinesin van dong khac, trién vong trong trong cong cudc phat trién cac
khi thuy phan ATP thanh ADP va phosphat vo liéu phap diéu tri ung thu hiéu qua hién nay.
co céc protein kinesin Eg5 s€ str dung mét phan Chit trc ché enzyme Eg5 dau tién duoc nghién
tir nuwdc va chuyén nang lwong hoa hoc tao thanh ciru 1 Monastrol [4], sau d6 cac dan xuat
dong luc dé di chuyén doc theo vi 6ng [1]. quinazolinone (ispinesib), thiadiazoles (filanesib,
Enzym Eg5 c6 vai tro quan trong trong qua trinh litronesib, K85830) va S-trityl-L-cysteine cling
nguyén phan [2], khi cac enzyme Eg5 bi tic ché, cho théy kha ning trc ché manh mé Eg5 ¢ ndng do
s& kéo theo 1am cho céc truc vi ng khong phat thap (dudi 1 pM).
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Céc hop chit nay hoat dong theo co ché trc ché
hoat dong ATP kinase ciia Eg5 dan dén lam
cham qua trinh giai phong ADP va gay chét té
bao ung thu theo con duong apoptosic, tr d6 da
cho thiy hiéu qua dang khich 18 trong viéc diéu
tri cac bénh ung thu [5, 6]. Chinh vi vay, trong
nghién ctru nay, mot mé hinh 2D-QSAR vé méi
lién hé giita cac chat tic ché va thy thé Eg5 da
dugc chung to6i xay dung dua trén thuit toan
binh phuong t5i thiéu timg phan (PLS), vdi tap
xdy dung gdm 74 chit va tap kiém tra bao gdbm
18 chit. M6 hinh 2D-QSAR c6 thé umg dung
vao muc dich sang loc ao, dinh hudng, kham
pha va thiét ké cac ciu triic c6 tac dung tc ché
Eg5. Tir d6, gitp cho tiét kiém dugc rat nhiéu
thoi gian, chi phi trong qua trinh nghién ctru va
phat trién thanh cac loai thudc diéu tri ung thu
trong tuong lai.

2. PHUONG PHAP NGHIEN CUU

2.1. Chuén bi co sé dir liéu

Trong nghién ctru nay, mo hinh 2D-QSAR dugc
xdy dung voi co so dir liéu gdm 95 chét duoc
thu thap tr cac nghién cuu [7-11] véi 4 nhom
khung ciu trac bao gdm dihydropyrazol, 4-
phenyltetrahydroisoquinolin va thiophen. Co s&
dir liéu g6m 95 chét ¢6 gia tri thr nghiém hoat
tinh sinh hoc ICso xac dinh tir 0,0012 pM dén 76
pM.

2.1.1. Chudn bi céu trisc héa hoc

Cong thirc hda hoc cla cac chit duoc vé& dudi
dang 2D bang phin mém ChemBioDraw Ultra
13.0. Sau d6, cac cong thirc da vé s& duoc tong
hop lai thanh mét co sé dit ligu dudi dang MDL
MOL format. Tap hop cac chat nay s& duoc
chuan hoa ciu dang va t6i thiéu ho4 ning luong
bing MOE 2008.

2.1.2. Chudn bj gid tri pICso

Tap chat vira xir Iy s& duoc nhap vao cac gia tri
ICso voi don vi 1a uM. Do gia tri ICso s& co
khoang bién déi 16n nén dugc quy dbi thanh gia
tri pICso bang cong thirc (1), véi ICso duge doi
sang don vi Mol dé viéc xay dung mé hinh ¢
két qua chinh xac hon [12].

plCso = —logyo(ICso) (1)
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2.2. Tinh toan théng s6 mé ta phan tir

Théng s6 mé ta phan tir ciia cac chét hoa hoc
trong co s¢ dit liéu duge tinh toan trong phan
mém MOE 2008 bing cong cu Computer
QuaSAR — Descriptor. Cac théng sé bao gdm:
tinh chat vat 1y, dién tich bé mat dugc phan chia,
s6 nguyén tir, s lién két, chi sb hinh dang
Kappa, chi s6 lién két Kier&Hall, théng s6 ma
tran khoang cach va phu can, thong sb dic trung
pharmacophore, thong s tich dién timg phan.
2.3. Phin chia tap hop co sé dir liéu

Co s dir liéu dugce chia thanh hai tap. Tap huin
luyén (Training Set) chita 80% s6 chit trong co
s0 dit liéu, duoc dung dé xay dung mé hinh; Tap
kiém tra (Test Set) chira 20% sb chat con lai
trong co so dit liéu dé danh gia mo hinh da xay
dung. Trong nghién ctru nay, co s¢ dit liéu dugce
phéan chia tap hop theo hai phuong phép la phan
phdi da dang (diverse) va phan phbi ngdu nhién
(random).

2.4. Loc thong s6 md ta

Dé loai cac thong s6 khong c6 y nghia hodc lam
cho mé hinh tét gia tao, cac thong sb moé ta cua
tap huan luyén duoc loai tho bang cach:

Loai bo thong s6 c6 > 20% chat chira gia tri 0
bang phan mém Excel 2007. Loai bo thong sb
6 gia tri cla tat ca cac chat giéng nhau bang
phin mém RapidMiner Studio 7.0. Loai bé mot
trong hai thong s ¢6 twong quan chéo véi nhau
>90% bﬁng phin mém RapidMiner Studio 7.0.
2.5. Chia ti 1¢ thong s6 mé ta

Chia ti 1& thong s6 mo ta 1a mot van dé twong tyr
nhu v& d6 thi [13]. Vi dd thi, cc truc dugc chia
ti 1¢ dé thé hién gia trj cua bién (trong nghién
ctru QSAR chinh 14 cac gia tri thong sb ung voi
mdi chit) trong mot h¢ tham chiéu khac vai
thuc té. Pay 1a mot bude quan trong trude khi
xay dung mo hinh. Muc dich cua viéc chia ti 1¢
1a dé tranh sy anh huéng cta cac thong sé co gia
tri 16n d6i véi cac thong sb c6 gia tri nho va giam
bat kho khan cho viée tinh toan.

Trong nghién ciru nay ap dung phuong phap
chia ti 18 khoang. Cac thong s6 mo ta dugc chia
ti 1& trong khoang [0-1] bang cong cu



Normalize trong phan mém RapidMiner Studio
7.0. Cong thuc chia ti 1€ nhu sau:

_ XO—MiTlO
~ Max, — Min,

(2)

Trong do: Xa la gid tri méi; Xo 1a gia tri ban

n

dau ; Mino va Maxo 1a gia tri nho nhat va 16n
nhét ciia nhitng gia tri ban dau.

2.6. Lya chon théng sé mé ta phén tir

Tap huén luyén sau khi dugc chia ti 1€ trong
khoang [0—1], s& dugc lya chon thong s6 mé ta
phan tir dé xay dung mé hinh dy doan bang phan
mém Weka 3.6 va cong cu QSAR-Contignecy
trong phan mém MOE. Cac thong s6 mo ta phu
hop véi phuong trinh QSAR khi hé sb ngau
nhién C > 0,6 va V > 0,2; h¢ sb bat dinh U >0,2
va hé s6 twong quan R2>0,2.

2.7. Xay dung mo hinh

Mo hinh céc chit ¢ hoat tinh trc ché enzyme
kinesin Eg5 dugc xdy dung bing phuong phap
PLS - Partial Least Square (binh phuwong tdi
thiéu ting phan). M6 hinh dugc x4y dung bang
cong cu QuaSAR-Model trong phan mém MOE
2008.

2.8. Loai chit giy nhiéu

Trong nghién ctru ndy cac chit gay nhidu duoc
loai bo bang cong cu Z-Score va cong cu PCA
trong MOE. Tap huén luyén sau khi xay dung
md hinh s& c6 dugc gia tri Z-Score. Cac chit gy
nhiéu duoc loai bo khi gia tri Z-Score > 2.5.
Loai nhidu bang phan tich thanh phan chinh
PCA voéi vu diém 1a loai nhanh va chinh xéc cac
chét gay nhidu do tap dit liéu dwoc biéu dién truc
quan trong khong gian 3 chiéu, mirc do tap trung
clia cac chat va cac chat gay nhiéu s& nam roi
rac so véi ving tuyén tinh cua tap dir lidu.

2.9. Panh gia mo hinh

Muc tiéu cua QSAR la xay dung dugc mo hinh
¢6 kha nang dy doan tdt, co nghia la gia tri dy
doan va gia tri thyc té khac nhau khong ¥ nghia.
Dé danh gia dugc didu nay can duya trén cac gia
tri p, binh phuong hé sb tuong quan R? va can
béc hai ctia tong binh phwong phan du RMSE

cua tap huén luyén. Céc gid tri ndy dugc thAm
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dinh bang cach danh gia ndi (danh gia chéo bo
ra mot — LOO) va danh gia trén tap ngoai. Danh
gi4 ndi duoc tién hanh ddng thoi trong qua trinh
xdy dung mo hinh bang cong cu Validate trong
ctra s6 OSAR-Model trong phian mém MOE.
Cac thong s6 danh gi4 14 gia tri trung binh binh
phuong hé sb tuong quan cua cic mo hinh thi
cap Q? (XR?) va RMSE (XRMSE) danh gia
chéo. Cac thong s6 RMSE, Q2, R%ped thuong
dugc sir dung dé danh gia mé hinh hoi quy:

_ Z(Ypred - Y)z
XY —Y)?

2
Rpred

2
Z(Ypred(test) - Ytest)
- )
Z(Ytest - Ytraln)

Trong d6: Ypreala gid tri dy doan trén tap huin

Q*=1 (3)

=1

luyén boi mo hinh da duogc xay dung. Y'1a gid tri
sinh hoc (pICso) thuc cac chat trong tap huin
luyén, Y 1a gia tri hoat tinh trung binh. Yprestiesy
la gié tri du doan trén tap kiém tra bdi mé hinh
da duoc xay dung. Yees 1a gia tri sinh hoc (pICso)
thuc cac chat trong tap kiém tra. m la gia
tri hoat tinh trung binh.

Mb hinh dugc chip nhan khi Q? va R2 > 0,5
[14].

Ngoai ra, gia tri ”r‘,?l cling dugc str dung dé danh
gia kha nang du doan cta mo hinh dugc xay
dung véi uu diém 1a tranh dugc sai sb du doan
do khoang rong cua gia tri tre vé (Y) [14].

12 =12 (1 —Jr2 — roz) (5)

Trong do6: 12 1a hé sb twong quan. TOZ 1a hé s6
tuong quan voi hé $6 chan bé‘mg 0. Véoitruc x la
gia tri hoat tinh du doan Ypred va truc y la gia tri
hoat tinh thuc Y.

2 =r'? (1 —Jr'2 — ro’z) (6)

Trong dé: 2 1a hé sé twong quan. Téz 1a hé s6
tuong quan véi hé sé chin bang 0. Véi truc x 1a
gia tri hoat tinh thuc Y va truc y la gié tri hoat
tinh dy doan Ypred. Ttr (5) va (6) tinh dugc:



R 2 12
2 — 'mtTm

12 = vaAr? = |2 — 2.

M hinh cé kha nang du doan tét khi 1,2 > 0,5
va Arz <0,2[14].

Tap ngoai (tap kiém tra) dwoc tach riéng tir dau
khong tham gia vao qua trinh xay dung mo hinh
dé dam bao tinh khach quan cho kha ning du
do4n ctia mé hinh. T4p ngoai dugc ing dung dé
danh gia moé hinh bang coéng cu
Computer/Model-Evaluate trong MOE 2008.
Phan 16n céc gia tri du doan cta tap ngoai phai
nam trong khoang tin cay 95%. Va con co cac
thong s6 danh gia 1a binh phuong hé s twong
quan R? va cin cia tong binh phuong phan du
RMSE gilta gia tri du dodn va gid tri thuc
nghiém.

3. KET QUA VA THAO LUAN

3.1. Xay dwng va danh gia mé hinh

Co s dir liéu bao gdm 95 hop chit v6i kha ning
{rc ché enzyme Eg5 c6 gia tri ICso trong khoang
tir 0,0012 pM dén 76 pM. Hinh 1 cho thdy su
phén b ICso theo s6 lugng cac hop chét, trong
d6 ma QR-Code dan dén tap dir lidu xay dung
md hinh 2D-QSAR bao gém 95 hop chét véi
cong thirc hod hoc, cac thong s6 1Cso thuc

nghiém, pICso thuc nghiém va plCso dugc du

doan.

Sé chat
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Hinh 1. Do thi phdn bé ICso theo s6 lrong cdc
hop chdt
Maé QR-Code dan dén tdp dir liéu xdy ding mé
hinh 2D-OSAR bao gom 95 hop chdt
Dit liéu 95 chat duoc chia thanh hai tap nho 1a
tap hudn luyén 76 chét (80%) va tap kiém tra 19
chat (20%) dwoc liya chon ngau nhién va phan
chia da dang. Thong sb mé ta dwoc lwa chon
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bang phin mém Weka 3.6 gdbm 7 thong s bao
gdbm chiral, PEOE_VSA+2, Q VSA NEG,
SlogP_ VSA2, SlogP VSA3 va
SMR_VSAI1. Méi twong quan giita cac thong sd

vsa_don,

duoc tinh toan bang cong cu Correlation Matrix
trong phdn mém MOE 2008 va duoc thé hién
trong Bang 1.

Céc thong s6 dugc lya chon tiép tuc bang cong
cu Qsar-contigency véi cac thong sd va dicu
kién C > 0,6; V > 0,2; U>0,2; R2> 0,2 1a tét,
ddng thoi dya trén phén tich thanh phan co ban
(PCA) ciia cac thong sb trong viée xdy dung mé
hinh, gi4 tri cac thong sb dugc trinh bay trong
Bang 1.

Trong d6 c6 5 thong s6 mo ta duoc lua chon dé
xdy duyng mo hinh gom: PEOE VSA+2,
Q_VSA NEG, vsa don, SlogP VSA2, SMR VSALl
va loai ra 2 thong sd 1a chiral va SlogP_VSA3.
Mb hinh toan tap dugc xay dung vé6i 5 thong s6
Iva chon ¢cé Két qua nhu Bang 2.

Trong nghién ciru nay ¢ 3 chit gay nhidu duoc
xac dinh la MOL-2012-17-2015-B10, BMCL-
2007-17-3652-33 va BMCL-2006-16-2095-21
(xem c4u tric cac hop chét trong ma QR-Code-
Hinh 1), sau d6 chung da dugc loai bo bing
cong cu Z-score va PCA.

Mo hinh dugc xay dung sau khi loai nhiéu, dugc
tién hanh phan chia da dang va phan chia ngau
nhién (k = 5) véi két qua dugc thé hién nhu
Béng 3.

Muc d6 tuong quan gitta gia tri du doan va
gia tri thyc nghiém khi danh gia chéo 1a 0,84
cho thdy mé hinh c6 tinh twong quan cao. Gia
tri RMSE thé hién sai sb trung binh giita pICso
du doan va thuc nghiém la 0,46. Tap huén
luyén c6 gia tri R? = 0,86 > 0,5; gia tri a =
0,81 > 0,5 va gia tri A1;2 = 0,09 < 0,2. Nhu
vay mo hinh xdy dung dat didu kién danh gia
va c6 kha ning dy doan tot. Puong thang
tuong quan pICso du doan va thyc nghiém cua
toan bo tép dir li€u 92 chat x4y dung mo hinh
(d4 loai nhidu) duoc biéu dién trong Hinh 2a.
Mb hinh duogc danh gia véi tap kiém tra gdm 18
chét theo phan chia da dang, dam bao tinh khach
quan khi tng dyng mo hinh.



Bdng 1. Moi twong quan giita cdc thong s6 mé ta véi pICsova gid tri théng sé theo C, U, V, R

PEOE_ Q VSA_ vsa_ Slop_ SlogP_ SMR

chiral yoa+2  NEG  don vsAz vsa3 vsal P © v v K
chiral 1,00 0,71177 0,29252 0,19869 0,25101
PEOE_VSA+2 041 1,00 0,80079 0,38569 042865 0,54862
Q_VSA_ NEG 037 054 1,00 0,75087 0,32820 0,35423 0,41505
vsa_don -0,38 -0,007 0,04 1,00 0,50818 0,17033 0,11921 0,09452
SlogP_VSA2 046 0,67 0,58 -021 1,00 0,86189 049064 047278 0,72844
SlogP_VSA3 0,10 033 0,22 -0,10 0,55 1,00 0,78484 0,36561 0,31607 0,17982
SMR_VSA1 049 0,72 0,67 -0,13 0,69 0,221 1,00 0,82620 042335 046396 0,56250
pICso 0,5 0,74 0,64 -031 0,85 042 0,75 1,00

Bang 2. Két qud mo hinh toan tdp dwoc xay dung voi 5 thong 56 lwa chon

Gia tri RMSE R? RMSE déanh gia chéo R? (Q?) danh gia chéo
Trudc loai nhidu (N =95) 0,51 0,83 0,54 0,81
Sau loai nhiéu (N = 92) 0,47 0,86 0,50 0,84

Bang 3. Thong sé danh gid két qua kha nang dw dodn tdp hudn luyén va tdp kiém tra ciia mé hinh

Chi ticu , Phan chia fla dang Phﬁl’l chia ngiu nhiéon Toan
Tap huan luyén Téap kiém tra Panh gia chéo Tap huan luyén Tipkiemtra tip
Sochat 74 18 92 74 18 92
RMSE 0,44 0,30 0,50 0,46 0,38 0,46
R%Q> 0,87 - 0,84 0,87 - 0,86
R2, 0,86 - - 0,81 -
r2, 0,75 0,69 - 0,76 0,64 0,74
r'% 0,87 0,77 - 0,85 0,69 0,86
rZ, 0,81 0,72 - 0,81 0,67 0,80
Ar?, 0,12 0,11 - 0,09 0,07 0,12

Tat ca gid tri T,Zn > 0,5 va gid tri AT,Zn < 0,2, cho thdy mé hinh dirge xdy dung cé kha nang dy dodn tot.

Két qua md hinh thu dugc theo phan chia da
dang cua tap kiém tra véi R? = 0,86, a =0,72
va Ar2 =0,11. Gia trj dy doén cac chit déu
nim trong khoang 95% du doan dang cua mé
hinh dugc thé hién trong Hinh 2b. Ngoai ra, mo
hinh dugc danh gia trén tdp ngoai gdm 18 chit

10 + y=1x-1E07

R#=0,862

PICs) (Mol)

P
P

y=1.007x- 0464

R*=086

duoc lay theo phan phdi ngiu nhién (k = 5). Két
qué tap kiém tra theo phan phdi ngau nhién véi
cdc gia tri R?= 0,81, 1,2 = 0,67 va Ar,2 =0,07.
Gia tri dy doan cua cac chit déu nam trong
khoang 95% du doan diing ctia md hinh, két qua
dugc trinh bay trong Hinh 2c.
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104 y=0876x+0776
9l R:=087

o Tip kiém tra .
*Tip kiém tra

PICsy (Mol)

& Tip hudn luyén
y=0.822x+ 1.143

R:=0_81
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61
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il 4Tip xiy dymg
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10 4 6

9

3 4 5 6 71 8
pICe dy doin
(a) Pucng thang tiwong quan ICs, dir dodn
va thyrc nghigm cila dit ligu todn 1§p (43
logi 3 chat gdy nhiéu)

pICsy dir dodn

(b) Duong thing twong quan ICs,
dir dodn va thie nghigm tir mé hinh
phin chia da dang

10 3 4 5 6 71 8 9

pICs dy doin

10

(c) Duong thing ficong quan ICs, dy dodn
vi thue nghigm tic mo hinh phén chia ngéu
nhién (k=3)

Hinh 2. Puong biéu dién twong quan ICso du dodn va thiee nghiém ciia mé hinh trong tirng trirong hop
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3.2. Ung dung mé hinh 2D — QSAR

Mo hinh sau khi kiém tra va dép ung céc diéu kién,
duogc st dung dé sang loc 4o cac chét thu thap duogc
tir nguon thu vién Ngan hang thude (Drug Bank)
va ChemDiv.

Két qua cho thay tir 12066 hop chét thu thap tir hai
co s¢ dit liéu (Drug Bank va ChemDiv) sau khi ap
dung mo hinh 2D-QSAR da sang loc ra dugc 349
hop chét cho thiy tiém ning trong viéc wc ché
kinesin Eg5 (v6i gia tri ICso < 0,5 uM). Cu thé, tir
1661 hop chit cua thu vién Drug Bank sau khi loc
theo quy luat 5 lipinski thu dugc 831 hop chét, sau
khi ing dung cac thong s cia mo hinh 2D-QSAR
thi thu dwoc 296 hop chit, trong s6 do c6 45 hop
chét cho théy ¢0 hoat tinh sinh hoc cao vdi ICso <
0,5 uM. Tuong tu, tir 10405 hop chat tir thu vién
ChemDiv thu duoc két qua 1an lugt 1a 3642 hop
chét (sau khi loc qua quy luat 5 lipinski) va 2464
hop chét (sau khi loc qua théng sé ctia mé hinh 2D-
QSAR), trong s6 nay c6 304 chét c6 hoat tinh sinh
hoc rét cao (ICs0 < 0,1 puM). Bac biét, tir dir licu
Drugbank cho théy 4 loai thudc 1a Dicloxacillin,
Cloxacillin, Tazobactam va Oxacilin cho thiy hoat
tinh cao vdi ICso < 0,008 uM, cac loai thube nay
dang luu hanh trén thi truong va c6 thé sin sang
tién hanh céac thir nghiém trén Eg5 ma khong can
bude tai tong hop lai cac hop chat.

Toém lai, trong nghién ctru nay chung t6i da tién
hanh x4y dung thanh cong moé hinh 2D-QSAR tur
co s& dir liéu bao gdm 95 hop chét e ché Eg5. Mo
hinh da budc dau dugc tng dung vao sang loc cac
hop chét tir co s& dir liéu Drugbank va Chemdiv,
349 hop chat dugc phat hién 1a tiém ning dé e ché
Eg5. Trong tuong lai, cic hop chat nay tiép tuc
dugc tién hanh danh gia va sang loc vé kha ning
lién két gitra enzyme Eg5 va phdi tir bang céac
phuong phap mo phong va dong luc hoc, tir do
chon ra cac hop chét tot nhét cho cac thir nghiém
in vitro va in vivo.

4. KET LUAN
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Trong nghién ctru ndy, md hinh 2D-QSAR da dugc
thuc hién dé sang loc cac hop chét cho kha ning
{rc ché enzyme Eg5. M6 hinh nay duoc g dung
vao sang loc 4o dé phat hién, dinh huéng thiét ké
va phat trién cac loai thudc méi ¢ tic dung nham
muyc tiéu Eg5 trong diéu tri ung thu sau niy.
Nghién ciru ndy 1a co so cho cac nghién ctu tiép
theo vé xdy dung cac mo hinh 2D-QSAR tuong tu
cho cac muyc tiéu diéu tri ung thu trong tuong lai.
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