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Structure Generation for Finding New Drug Candidates using Evolutionary Programming
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We propose an approach to finding new drug candidates which are expected to have desirable biological activities. The
method is based on evolutionary programming. In our approach a seed structure is submitted to generate an initial population.
Then, individuals of the initial population are generated along with evolutional operations, including mutation and
recombination. It has two key features. A chemical structure is coded by an atomic connection table. SVM classifiers trained
with a set of known drugs in advance are employed for the survivor selection of individual structures. Thus, the method allows
us to generate possible candidate chemical structures of new drugs. Basic idea of the method and its implementation are

illustrated with examples.

1. [ELHIC

ABRIZIBNT, EIRSOBERLR0 B LS T 100 F
HIIAFAE T HEV VTV VD[Bohacek 96]. kD= EF N7 L5
A7 TVTIL, HEDUDAERSNIAEE L COHEHHAN THE
Y, BIOTEMEFSEL T Dt T LH & E QOB E R
DIV, F2T, BIIOTEHFEI RSN 8 Bt A e
HIDN ORI AERRL, SR T 27O DTIENEENS.

AW, L7 v s I3 7 O EEA LG ORI 2
L, B2 BARE S 2 A SIS, R OTEM: (— o2& DV NI
DOIEM) OFBDMIRFS AR LS AN 2 TR OV T
Wta o7

2. PFHEIERTLOEE

21 J5OR—ZAMEITOSI 535
A7 Z 7 (BUF BRI, AR AR A8 X - 22

RIS P R U LR E O T D, — L s

HEVINIBIOREL D GA LIXERY, {LFTT77DfEREETDE
FUBIRLUTHAVTCOA, X LISHE(E 1 530 7 OB 3%,

R e OO
g
— ECR- S oRETR ®)
B N
N
HEALIRIE Q/J > Fntness(l4N\/<>
Fﬂ'nesso5
v { )’Q,N X
B Fitness02 \/O
1F
v B SO ©
ik N -
a ] e —
(Bt N A ZAE S
©>f ﬂ/@ w)\/ 7( @

X1 ka7 e s I3 7 OB %B%T%L(a)ib%ﬁkﬁaﬁ Z
TIEASERIZ RS 2(0). BEHITHL, ISR AE > TR
TR DL T, HrA~ AR EARE R $5(). ZO8 L
H0IREF 2T, LIS EEOR\ MERER~DHE L EX2(d).

WAEAE . EIG R, T441-8580 A0 IR EG T RGBT 24
I 1-1 BBEIR RS ki T5%, Tel: 0532-
44-6878, taka@mis.tutkie.tut.ac.jp

22 WEEE

BRI ETIS, (EFAEEBIISEA BRI CTiRHILD
BRAHLELT- AR #2727 Non-Terminal vertex Graph (NTG) &3
FEPELOBI VTSN L TET[REF 02]. FABARAZE
DDHERBTHIEMED KRELEDDZHFRBRMIICH SV TRY, 4
THEALI U CHA B AR T D LI S RE R B ORI E
BN ERAL D, 2T, AWFFETCIT B ORI BLEOH DG
EREEEL, 0D NTG 2L L T2 7. Fe, AElians
T RTCOMEL, [[—0 NTG &R 203k G i e ot

3 XX
X DKIGEETD D OREIE (BHAR) 27247 NTEIRL, NTG E
TOREX AR BN THZEDONTGTL— LT —IANERLL T
PREFESNDLD, M DM G L CORE X B HLx DI
FFT AR AL
GESRIS DRI G LT DT BREEE —DBINL, IROWT IO
V&S B MBI 5,
o JF 1O OKFFRTEER)
o TTUAADIBMN
o JF 1757 A DHIRE
o JRTRHODZS S
o FEAFHROZ
J?%@;JJH?@M’ET 1, BRIV Tt THHC N, O, S,
P, X ANDIE0, T NIRRT 1RO (EE) %
11, JR-ofE B OBIEFED A, AT =70
12, 75T A NOBNMBAETHE, — A7 B HIEOIE O FBIZ
RN =T e i ] :ﬁ%bf_%)OD;&ﬁHu\é. DL, KTTT A
UNF—2DOEHR - LU THEO .

25 EGEETHE

DT BT T T OFEETEEL L, A MRERZT T
BIEREL TOLFAEIE ORI S EDOINFHI T35 T
BELMBETHD. ZOLX, 1ZUDICREE DT, HEOET DL
PRGOS T DI OF MR SR E T D LRI, D
DREIERHEE & DI LT DD W ETHD.

(LR IE RO S Rl 28 (B Ab) 12, TFS [ Takahashi
98] FV =, TFS LI bEOEERD DR & EdIZEL, 2D
E AT AN B S A & r S ) N = AT S - e



The 22nd Annual Conference of the Japanese Society for Artificial Intelligence, 2008

LIRTEAEARI WV TEBL-bDTHD. 20, a3 5 £ T
DEIHEEEF L, TO-EECRHY ST 277 20,
ATFE IR LS ORHERBUC TFS B2V, 1657,
OO ERENT TFS OBHE L Citik&ivs. FERERIC AV
REEUZ DT IR,

26 &K

TISFEEDFHIAS ToT- RIS EED 4 DEERL, £0)
B EE L MER O A R R DA A—L LU THEL, £
DORIAEFES B—F AN FRA A V-

3. FiesER

31 W=

FAEUIT NIV RO ED, BRSNS IHESTC
ShIRA A R CE D) MRFET D720, TFS /¥ — D¥f
U2 B L, PSS LT B 2 R, NTGH:
KB DERSEDOE TR AT, FERT, S HROMAEEE 100,
HAARZEAEL 100 D LEFEA 100 o MEDIRL, KA EIGEE
DOWHIE, BRELLESESHRSN -0z KT

32 T—ARyRLEGERR

ANTRLTZ NTG 7L—20 3 SOTESRAMBHEA TS
s HIEELL, 20 NTG HiG2 IS L Uiz, [EAEM ot
(B EDTDDEFZ T T ANIT, 2 3 SOMIBER LU
EFLTZ 6 FOEHIE 7T/ A Ny U CHE L.

HEALD T AR TE D EE B I, AR EOTRAR CARRR
SNAFEAEED TFS ~UILE, It T ~ELoMED TFS ~7h
JVEDIBILI A T\ =, FEILE L2 Tanimoto #RE0E IV V-

Y XY
O S x0f) zay =Y
ZIZT, X IEUE ) TFS /38—~ L, y 1 B RRLLT- 8
D TFS 77— _I ML FT.

33 EERHER

100 [EERF TIFO T BB OIS EEOF-)1T 0955 T, 15 HH{fE
JETIN R ATz, ZNED, TeibEEm B AR A3 B4
IAERSIUQUODEN 2D, 2, 100 B0 7055, 2 [EIE5EEIT
TeAIE AR T LT, PSS OB RTRESFTIL 20 THY, 757X
e MO FEE) DA DA TH1020@mVTEET D, BT
DEREELTONDT-0, BEREOBITSOIT RIS, 15 it
<100 FATCARTAEARES.5 X 105 THHZLEEE TS
&, 2[ELV WDHFITIRL TD7<7K, IR UIAIZ A~ h2e )7l
AT TUNLZEERLTUVA,

4. ET—HER-ETEHER

41 ®E

WHFFEE T, TFS RHA AT —r LUz, $R—h
YLV ASNMNEEADZL I TG S TR AT BT TR
Fathsd, ZOFRIEEIASINIL TET- 4 07]. BEAIDEA
HEIEDRIHA BIEL, ACE PHETIGPEOA M, NEP FHETEEOF
MBS ASVMAFAREAERLL, i 7 OIEMEES S b8
W2 TAIHE G AT,

42 FEISEIHBDT=HD SYM 545k
CZ TS RS, B, s T — & ~<X—2 MDDR

[MDL 01)% AV NCHERELTZ SVM Z3%ERSA R L7, #5713,
JVEL TH R TS DIEEOA 2R — MU ML bO kS

LG, BREEDNIE CHIUTIEMEDY, A THIVTTEMERL LS
Mo, ZZT, LFOIDTHEIS B E e LT

fitness(q) = Z Sidy,;

s EEDFEBRERFT A5 1.0, UL VEn - 1.0
dg ;i DT )qOEMI BT B R—MRONL S DRERE

43 RERHER

ACE JEMEDHEFEBL T DIRRERBEDO IR THD NTG ##
1 (K 1(d)) 29SS L, S AR OEAEE 200 LC 504 T4
110, A7 OWHEEH U, S HICBOORb W il e E
TRUTBRODIEIIZT 712UV T, 200 HAAECTOME(VEIELICIIT
LEAbER 2 1R K 2 XY, AkShEitE S c oW
SVM |ZED5 88 FIRIFET /U E-TC, ACE FHEEHI, NEP FHEEHAID
W OTEMREE WS CELZLARENT-. 2T, MUHIDIEY v
NTHY, ZZTON T 07 T30 7 DN THEREL QD e %
RTHDOTHD. oL, T CAEMSIIAEEE DO RO G AT
REMEZ W TE, BILE, Eam B ) b L,

4.0

*E;s.o

S

1020

{

RN distance(ACE)

> 10 -
;L<\ — distance(NEP)
.1_0.0 ....................
= 20 40 60 80 100 120 140 160 180 200
1_\—1.0

20 ER
B2 SRR RO AR 0 5, T

BRI (FRAED IE ChiuIiEME A 204770 7)

5 F&EH

AEHCTUE, LI T 5307 % TV RIS L s D
AR 23280 a ToT-. EORER, S RIS T by
0l Z NI DREE A TEDS, TG BRI S U TR
ftmfAa LR ARESIE AL, BT, SYM IZLB~ /LT 774535
FRORE AN E RIS U CHWAZL T, (B DIEEERE T
ARSI AIH FTREMEZ R U, L L, RSN
RIS DG R FTREMEIC R D GEA R0 ThY, S %O/
FETHS.

SE3H

[Bohacek 96]  Regine S. Bohacek, Colin McMartin, and Wayne C. Guida:
The Art and Practice of Structure-Based Drug Design: A Molecular
Modeling Perspective, Medicinal Research Reviews, Vol. 16, No. 1, pp.3-
50, 1996.

[REF 02] KREFEA:, SifGHITE 55 30 [EHEETEPEAERES L AR 2
N R, 4142, 2002.

[Takahashi 98] Y. Takahashi, H. Ohoka, and Y. Ishiyama : Structural
Similarity Analysis Based on Topological Fragment Spectra, In: R. Carbo
and P. Mezey (Eds), Advances in Molecular Similarity 2, pp.93-104, JAI
Press, Stamford CT, (1998).

[T 07] TIE KRS, BREES, Ml “277A SYM 2
T-FMDOTEVETRIT AT LY, 2007 FEEEN TARE TR RE RS
(55 21 [B1) F@SC4E, 3D7-5(2007).

[MDL 01] MDL, MDL Drug Data Report, 2001.1, (2001).



