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Abstract A research project started to clarify structural characteristics of pharmaceutical compounds for a vari-
ety of medicinal activities. A workbench has been developed to support the mining process efficiently. It includes
the preparation of attributes, mining by the cascade model, and the interpretation of derived rules. As the first
subject, we studied drugs with antagonist acitivities for four dopamine receptor proteins (D1 — D4) and discovered
various lead structures. The results have shown the usefulness of mining by the cascade model and its capability
of datascape survey. Pharmacologists evaluated the acquired knowledge, and remarked that the results contained

many unknown, but reasonable pieces of knowledge that are applicable to the drug design.
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ELF. ZhRBOHT DI - D4 FEEERTILASET, £
NERN 154, 383, 234, 515 Th5. %P, FA—LAHH»EEO
EEERTHERHD.

2.2 RBEOFEHh

MDDR F—# R—ZDWRE ML LIEE D, BHdhir—AD
BRIZE2ECOBRBYE 1ITRT. Mo BT, #EERE
TRBETELNTER M v ML, HOBRELRA-{LEW
OF =y 7 #{To7#, Cache VAT L%EHNT MM-AMI1-geo
£z X » HOMO, LUMO, dipole moment %355, D
%, BREEGO 7 7AVEHELT, BT F ADMNE, ClogP
EOHE, BUR—LEH0BRERIT>TWD. 2B, RIER
TEELELROLEMBEET A by b LTRAL, FB
AL TnS, BABOBIZEEhi SDF &tk
BHERBAO 7 4 —< v b TREEERR LML O R
EZLETIRAMNI7ANTHSD.

BEONIE TR, ETHERNTORE T T 7 A MR ER
L, SHizhEfALEI R — FEF AL ZA—A D%
BAstThbha. 7574y FEOHERIZ OV TIRE THAT
B, ERENET IV AV VEFT, F—F &y MPITORFE
HRMPBRELIZB DR DOEZERA L TEERE LTRIATD.
728, keep-del list 121, BRI AL b & TUTFIA/ B
TE57F AV M EERET 3.

&, DISCAS (ver.3) THELARA—ABEZA, Th
LEXHTHLAYHOBELREL, ERELTELDD.
IOBETIE, A—ACHBRTIBRELLAUREDT —F
AR—2 b, Spotfire Y7 hY =7 FRIA L TREEEREE
R A, BB, ERNICELNBEFITHEROAL—A LITR
AL RARDED, BEAFBET —FX—ADREEIT-T,
ZTORBMEERETD.

P EoNBOTRIINRVERRZLOTHY, TZETAT
Y XADHFELBRWAT vy Fbb b, FAFRICLSMEER
KRRV, ZROHDEERTE SR -3EIT 570, Excel
% ChemDraw VAT ABBHA SRERECBWTEERO<
oKL, ABROEMRAHBROIELEETET CE IR
HE L.

2.8 ISTAVFERBRFOER

BWERLLO T 57 Ay NERTFARER, £Oo®E %
RBEESEELOTHY, FROFEITE>TWS.

(1) BELEEROILHEBLIUREEHORFEERL L
T, #%/F path 4% max-length ARNO T TORF L OFT
WIET S 7 Ay ERY T

(2) ZOBETI Ay b EZOBBTRERFEEORE,
£ BT ORI & HRARRFOFE, B X UEEE TR L
DEFDFEAT LV EFR3T 5.

(3) FAFOEELEHFMELREY, ThoOWEZF Y
Ay NERRT . ‘

M RRBREEAT S L, SREORRFRERESH,
82 DR T 2T BB DRLARD. TOFBRELT,
Bol it RTRBRTREL 20, BEOBIICADZLO

h

1. Desalt & verify
2. Check identical molecules
by ChemDraw on Excel

SDF-bi

Physicochemical properties l
by CACHE

(soF-c1) (spF—<2) ((SDF—c3) ...

1. Merging files
2. ClogP calculation
3. Division of data
by ChemDraw on Excel

(DB-1rn }——(SDF-1rn) (SDF-tsQ——@L—tst )

Linear fragments
by Chemitem

(properties )(keep-del list)(fragment table)
[ I

by DISCAS

by Spotfire
Verification
by Chemdraw on Excel

X1 ABOWHH
Fig.1 Flow of mining

BRAT S, Kill, MEATRHBRTIE, 1 =V TRROM
R EEEE 5.

k=R T7 v FI=R FOBE ARORERHERERE L
HE, BT S AL FOREE»D 2EORTOMIEMEK L
HEAREFORERTHR LR ERALE. 2B, BT 7
72w b OFESIRFEN 10 BRICR-ok. filxiE, C3H:C3-
C-C4H-N3 13 3 BZo CH & C ®¥H%EB (1T aromatic bond)
12, C-C-NBoRNBol gz Ry, 3FAO CITiEfEe
AFBOHEIRRINAR. £, 3EMONIZHAREEh
TWARNZEND, ZONEIRET IV THDIEBTND.

2.4 ARY—FEFNET—ERAy—TORER

A =V DFERE LT, YA — FEFAZRVD 2]
ZOFEIHEA-A R RBERLZLOTH LR, EOMEEY -
KB TEBHIE, A—AOREE BSS LD — D THR
LBLZL, LOFEBFETSD. BAF— FEFATEES
npaA—miE, TEOBRICE ) RREEEONS DT LTE
& OO RFTNRHEERETS.

Rule: {LAWEKU ==> {LA%% D; BSSE
IF ¥4M added on RBHERME
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THEN HMEH: 54U --> 54D

THEN FAHIZEE: MU --> 04D
I CESRM, FHERMCIIBAERE ZoEMNEREN, E
TERMOBEARNEEZ U, D TRLTWS. E&M0OERIC X
v, RBECAWE, BNEREOSAERED X S IZELTEH
BERENDBE L BT, L—A2EOMEEERET D BSS HISTE
HIhs. Tk, ANEBOFICELEEHCE>TRERS
FEAERTHORSLNIE, ZRHAMAMMEELE LTRENS.
ERHHMMIRERLZEL DT, FHEERF—Z02KE
DOBEMBRIMIEEBLEL_VT, F—FDHORBEEET
EAUERDD. BrlZnkT—F R —7 (datascape) &
FEAT, ZOEBYXIBTHIL—LVRERERE L. EMIEX
Bk (3], [4] ZBREN V.

ZOFLWIRTAEFATIZLIZEY, TROMDREE
BIERTES. (1) 2EOAL—VEBERERE. (2) A—b
BERPEOEN -V L FRITARET B B — R TR E
NBk, REVEM LTV, (3) M VRE KT BSS
BEBCEFTT5RAEKOBER % ridge £ LTRTZ &2 X
D, BNTCAER BRI ERR BT LN TES.
2.5 TAZUTHEDOXET

D1 - D4 L b/ EROFEE BRERE LT, TRLE07
A—Z{E%& 7z DISCAS ver.3 KX 33 BT k.

thres = 0.10, minsup = 0.01 (lattice EBADFEAIE)
thr-BSS = 0.015 (A — A Y > 7 RE O BAKIHE)
MDL-para = 0.2 (M—AREOH 5 )

min-rlv = 0.7 (Jb—/\ R BEE )T 0D B i)

28, D3, D4 FEHOEFT TRIHASREAL—AEBRETES
7o¥, thr-BSS OfE% 0.02 CRE L. ¥, BEEEOD
72 Y — L E LT, HOMO(-9.0, -8.5), LUMO (-1.0,
-0.5, 0.0), dipole moment (2, 4, 6) 3 XU LogP (2, 4, 6) &
Rl

BIZIED1 T IR MNEMHOF BE BOEH L LT
T, BLE 115 3OHFA T8 EOTT 4 A/ — Fil4k
REN, K& BSSHEEZHTZ 37T HOA—VEEY 7 BN
BEmEhi., b0l 7 3E#ic kY 8 oA —nizil
BL, EBRX1EOEAL—NVEZTNIZAET S 5 BoE#L—
MR T D L3 TE .

2.6 L—)LhSOREER

HMERY — FEECHT 38BN REHRE LTRADBLD
ik, A=A bBHMELEE LTS, SMEHSREEREOS
ARERERORBIZ LY, +ROMET I BESSLETH
5. RHFRETE, ETA—AORERRIE->T, K2 LR
AT X5, BHAEROMEICRE > TR/ REEO S ik R
FT3. BMRRCI0L S RERS»D, (1) EEMoBHIZK
DRELDHHBETDZ L, (2) FHREHFOREEICL ZD
EROERSVRERDZ L, 2EBRTED.

DONWT, BYSTRM TG TE Y v s TBILIREY, £
DI 2 XFT HILEERO—ESROE/O L 52BN 3
DT, —NPOT7 57 A " RERICEELRERZE SO,

B2 2ofi L{eERE0S
Fig.2 Inspection of distributions and chemical structures

FRE LB BOLAMICBORE RBRO—BEELT
WRILBERVOPEHMTED. EB, (LFHIL > TIHE
EXRERZ 2B BENE2 IS DETH Y, IFEFHOBER
BEERENZTHE, BRLUURBISMBERD Z Lk, &
CIZE E RDEREEXTHRERITI Z LickY, HPor—
NWERB BRSO EHBEINDIZE DD,

FMENEL B ORBIE, HETIEEEOIAERRL
T, REZRITOILERDHD. LhL, ORI AT LA
BALETZ 77 AV MELIIRR o BHEECL VKRB EN
5. FITCRAESIBERE LTHL, ZhEFHHoBMKEL
LTME CIEMEO S i % RASLERDH S, REETIR, Z0
ATy TREMFEICE VEHERERL R TVDed, &b
BYHHRLBBLETHS.

3. RAZVIRREER

BOENIA—VIZHONT, FOE5M4, BHESL L BHEME
EORFNE, TOL—AVOBEEZPEBETIZ LN TES.
UL, BRELT —FR—22HRELTNWBED, 20
LEYRBEZIXRBYBHY, V- AORBEZOETEZITEDS
LT, HEVIIERAEORREEL DD, O
e, B d2MENREEEET I, (1) hoRHERK
& DAL OF =y 7, (2) ridge Figk & BHEA—A
ORE, (3) B/ AEESDIRERORE, SOEERN
WEERD. T TIR, #ZB/ROT7 v #d=R MEHE,
DISCAS YAT AL AHENFA—VTHEEEXOND
Hozmrl, SLICEREED TR INEENSEREHN
5.

3.1 D174 d=RFOEH

ZOEA, TRORBREZFZFOLE1>OEA—NEZOBEE
No— 5 FREER I T,

Rule 1: Cases: 413 ==> 91;

IF [C3-C4H-C4H-N3: y]

added on [C4H-C4H-C4H-N3: n] [C3-Fi: n]
[C4H-C4H-N-C-C4H-N3: n]

THEN D1i: 0.81 0.19 --> 0.24 0.76 (off on)

THEN D4: 0.44 0.56 --> 0.84 0.16 (off on)

FEHRMIZEHN D C3-C4H-C4H-N3 OE B ESFET 2D
iE, D1{EHALEBOLER 19%00 6% ~: K& LT3
ZERGMD. Fi, FRFICDAFEEHEOLBRREIETTS
RBEREN.

BSS = 29.00
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ZAw NI IO NHy 28 3 BALO N ZEboifa Th 52,
ROV UrBERFE LTV DI TRV, ERCA—LO&H
R TIEECAYROBEERELL A, EEST 69O
NCT7 I T Ay b C3 OESE, RE1O0EFEHRS ARY
BEMIETRCRUBCBThok. o T3 I %, DI
TR A=A MNERO Y — MEELHRTZ0OBEHNTH .
BB, EREREILLREL, REEREEHITE C3 O
RBERBERLAF LT 4 THDHDOREN.

}{()::I:::::]/,/\\\/,P“fiz bd\\
o -
1 I

B3 F—rIrk DIEHEDY— FEE
Fig.3 Dopamine and lead structure of D1 activity

3HOMBREOTTEHE 1 LE3OEHEINFETFEEL TV
FUTART G T ALY MRFEELRENZEEZRLTVEN, T
DL IRTF YA PBIFETRIEEER~ORMBESIZLY,
TR IR MERHORREGET DL EXOND. B, 2
ZHORRSEMED C3-F1 77 7 A2 M OBFIIRHETH DR,
fOBTHREM L ERERW L. ZhEBEESRVWMEEH IR
i, TRT 2ENIO N 2 ELEFRBEFELEL TR,

TDE ST DI EETR, V- AORBENLIEFICHER
U FEEOEREELL ZERBTERL. LIL, ZOA—AE
D1 &M T 154 TP O 69 2 HIT 5 TBET, ridge 1§
WA AL E LMD ) — FEENERIN D W
WAHD.

3.2 D272 FOEHE

I OEOMN TR, B REEREE ALK TER
Hih&ht. fEEREL Rule2 DEERWS % TIIRT

Rule 2: Cases: 1227 ==> 277; BSS= 24.86

IF [C4H-C4H-D2: y] added on [ ]

THEN D2: 0.31 0.69 --> 0.61 0.39 (on off)
THEN C3-02: 0.42 0.58 --> 0.88 0.12 (y n)
THEN C3H:C3-02: 0.34 0.66 --> 0.70 0.30 (y n)

New:inside [C3H:C3H:C:C3~02: y]

D2: 0.53 0.47 / 238 --> 0.81 0.19 / 128
New:inside [C3:C3-N3: yl

D2: 0.49 0.51 / 208 ~--> 0.93 0.07 / 60
New:inside [C3-C4H~-N-C~C4H-N3: y]

p2: 0.14 0.86 / 183 --> 0.83 0.17 / 29

ZOA—VITIEATREER2L, AR T ARAHE b DT —
F )V (C4H-C4H-02) BFFETHIL 0.61 DFIS THEAENHN D
ZEERRTWS. LAL, ZORBEMEL, EREMRCL-
T, ZDE3RT=FAZITTD2EMBRBE LRV &I3FE
BChHD. LT, ZOTEMOEMICHE> THBBES KX
RETBTF T A N RDE, C3-02 & C3H:C3-02 DH
BBERZNER 88%, T0%~& ER->TRY, =—7 /10O
FiEBFRRBE~EE L THNB L BRREIN 5.

WIZA— A TIO ridge FWEZRTH L 5. BHO ridge 1F
ik, FEBREANCH > =—F AR, ERBEATI®TEH
Fh 238, 128 {LAWTFEL, ZOPTIXZNTH 53%, 81%H°

FEHTHB L ERLTWS, TR RO INEFEE S HE
WENERBLEMNT BT —FTHB. £, 2 FHOD ridge
MEEERICT IVNERLEED 3% L BUVEEERL,
XL 3BEDidge DT T T AV MEFROLAMTY, &
HHEA%O 29 (LAY E T 3RNFE.E T, 7, 3FHD
ridge PO{LEWRHEEZRBE L L 25, FHERLOIXTRT
TEIUIIOWERHE LTV, 2 BB O ridge FHREEZGDE
L, orthofLic 7 I v x—FARBEHRLE IV Y — NEE
OEFEE LTHITES. EBRICHES L ZoliEeH-TE
SRR T 49 P 45 BEHETHY, ZhHiD2 YV —F
BED 1 2ThHILERTES. LL, ThETTIRNAT
= RVEMALAREN 2 BB O ridge WIXEENATVD. Eo
7 12 OEMAAHH T 11 BiE, O & N 6 RFIULERT
SNETRVOBEEZ Lo T, ZOBERX IV &R UEA
FARETEHOTHY, ThOBRAANRY — FEELE R

sz,
/Lo N Sar o

spdiien
m v
A
©/ >6 atoms
\% o
X4 D2iEHEDY — FHEE

Fig.4 Lead structures of D2 activity

WICRiEMEZE < Rulel 2 FITRT

Rule 1:
IF [C3H:C3-C4H-N3: y]

Cases: 649 ==> 295; BSS= 26.14
added on [C3-C4H-C4H-N3: n]
[C3H:C3H:C-N-C-C4H-N3: n]

THEN D2: 0.36 0.64 ==> 0.06 0.94 (on off)
New:inside [C4H-C4H~-C~C~N-C3=01: y]

D2 0.70 0.30 / 89 ~--> 0.21 0.79 / 24
New:inside [C3:C3H:C:C3-F1: y]

D2 0.65 0.35 / 118 --> 0.12 0.88 / 25
New:inside [C3H:C3H:C3-F1: y]

D2 0.62 0.38 / 124 --> 0.10 0.%0 / 30
New:inside [C4H-C4H-02: y]

D2 0.65 0.35 / 180 =~-> 0.12 0.87 / 40

ZOA—AE DL IERD Y — FEERFELRVERT, D
#EBRL KT IVEOTAZAHEEN 1 OBAITE, D2TE
HRELAEHRTHILERLTVA,. ThEHRSRKE
WEERTH B M, D2 BT OSE» bIX, KAO ridge
BicENDT I FEREAVY. ELEERO 89 {LAHHT
62 (LBHBMIEMERL, Fhbid VI, VII OFESEELHOb
ORKESThoTe. ZHBRY— FEELTRRTIL0OLE
%%, 7=, ATRO Rule2 TEM%E < C4H-C4H-02 Bk
o ridge & LTERATBY, I TRALV—AOERES
Rule2 @ D2 &% 5 BT L o it@H T3, B, FRT
NHHbN D ridge DEWKIZ, DIFEHEORALREKRE LR
REBLETHD.

3.3 D37 80X +ORH

L OEOBAT A BIE, 3BOEA—AEETNETRITMHEL
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Fig.5 Structures related to D2 activity

7211, 5, s BOBEAL—AVBERT. ZhbDFTHo L bl
B2 /88— R LI = VB RITART.
Rule 1-UL4: Cases: 285 ==> 62; BSS=
IF [C4H-C4H-C-C-N-C3=01: y]
added on [C3H:C3~C~C4H-N3: y]

THEN D3: 0.69 0.31 --> 0.05 0.95 (off on)
THEN D1: 0.64 0.36 ~~> 1.00 0.00 (off on)

O ADRRFFIEXEDIESEOY — FEETH Y,
VIII DFRIZ 7 VX T ART AFAGIZ OB o7 I FEN
HETE DI EHARET B L3, DIBEERHEARTSZ
LERLTWA, £, XHFFFAMEEORE,DIL, TIF
e DL Y- FEERETERY, avTxrA—valOFRKk
WR2WR2OIE, DIEERREL TNRNWT EHIALE.

25.90

B 6 D3EEDY — FEE
Fig.6 Lead structures of D3 activity

FA—AD Rulel 1%, Rulel-UL4 & F—0EREEFDL, B
FBit4 T 232, 54 (bBB TN ENRER > TS, ZThblls
OFEELEHBHOBERERE L E T 5, IX OFMENEY
OERTHBZEWNHBH L. £, ZOBATRERMLE
HIZ DA TEHENELRIHEER LTS, 28, VI, IX O#E:R
HoTHTh, RUEVRORDLYIZERANHIEE. BL
TNH,; ® CF; BB LTVS S DRRERETH 7.

Rule 1: Cases: 727 --> 94; BSS= 42.91

IF [C4H-C4H-C-C-N-C3=01: y]
added on  [C3:C3-02: n] [C3-N3-C4H: n]

THEN D3: 0.80 0.20 --> 0.13 0.87 (off on)
THEN D4: 0.49 0.51 --> 1.00 0.00 (off on)

2RBOFEL—NEZOBEEL LTI, TRO 2FEAHEK
V. Rule2 TRBIREANZEEBIITATX 2HL, BRR
T2 EMALO N 2572720 . Rule2-UL2 B35 &3 28Rt
WFEREERDHORSVE, X OLAYRERATIIE, &
AL BHOIE L A YN XT OBEERF2, Zhbid D3 FERED
U—FHEELIRTE S, 3BEOEA—ML, TIFERE
BT AENRE—VERBELTWEY, Rulel & EARZEFFMN M
%L, REARBERZ2BRCEIEMITIEIE> TWARL.

Rule 2:
IF [01: y]
THEN D3:
THEN C3:N2:

Cases: 536 ==> 67; BSS= 41.33

added on {C3=01: n] [C3H:C3-N3: n]
0.82 0.18 --> 0.03 0.97 (off on)
0.37 0.63 --> 0.01 0.99 (y n)

Rule 2-UL2: Cases: 1024 ==> 65; BSS= 29.00
IF [C3:N3H: yl added on [C3:C3:N3H: n]

THEN D3: 0.79 0.21 --> 0.12 0.88 (off on)
THEN D2: 0.35 0.65 -=> 0.05 0.95 (on off)

3.4 D472 TR +ORH
ZOEEOBT» LI, BHEEAEEEZEI ZA TN IEL
2BON—N (BBEL—VIX1IEOR) BB bR, UTEHE
FE N —VRZOWTEAT S, 2B, REEL—ATRE, 7
I FERPLDIFEMO Y — FEE I OFEREREL LTERAT
W5, FEEEBEINA—APTHo L bR — R LT
DX, TR Rule2 TH5.

Rule 2: Cases: 631 ==> 162; BSS= 40.41
IF [C3-C4H-N3: y] added on [C3H:C3H:C-C4H-N3: n]
[C3-C4H-C4H-N3: n]
THEN D4: 0.57 0.43 --> 0.07 0.93 (off on)
THEN D2: 0.44 0.56 --> 0.04 0.96 (on off)
New:inside [C3H:C3:C3:N2: y]
D4 0.44 0.56 / 135 --> 0.00 1.00 / 41

ERMEHETLEYHOBERHRELLLZA, XII D
77 A ERLELTEEE LTELRCE S 2RI
bulky RZN—TEFHEObOMBIFEAETHok. ZZTEM
DIBFERITIE, methoxy HIZ X 2 BRPLBEHLREEEATR
W, 722U, 7 NEOFEREEREETS. 2EB0OR
KM DITEMOY — FEENFELBRNZETHD. Zhi
BHpoERE LM TLAWREIIVEE LTS FTH DD,
HBVRT I FEEZHOLDIEREETHS. 1 BB ONRSE
HIBND 75 7 A v MIERFZHAMEL LTEATLS.
ZOFFENHREME L LTHA TS Z LT, ridge THA
B7F A NEEIRDELRE, AERBERFERN DY
FEHICES LTV AAEEER LTS, B, ZOXEM4E
ATD2NAREREARDZ LI, T D2 BEEOEHTHR~Z.

WIZ FROD Ruled & Rulel # A CH L 5. Ruled DERMIX
Rule2 LTV, MBEESRVELVRICR-TWA. RiliER
I3 XTI, XTIV OS5 EE 2R ORI ERNT 27D TH
BLIRTERL. RBMNETHE, BT I FER D4 EHE
FETB LR, 7 I FEFO NHARBEREEF O
T—FUBE L Y TRAEREEEEIHANE, BEEEEOHR
AEH 2.

Rule 4: Cases: 856 ==> 156; BSS=
IF [C3H:C3H:C:C-C4H-N3: y]

added on  [C3H:C3:C3-02: n]
THEN D4: 0.51 0.49 --> 0.04 0.96 (off on)

33.82
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7 D4 EHEICh b 2 EaEE
Fig.7 Substructures related to D4 activity

Rule 1: Cases: 998 ==> 175; BSS= 44.27
IF [C3-C4H-N-C-C4H-N3: y] added on  [C3-C4H-C4H: n]
THEN D4: 0.62 0.38 ~-> 0.11 0.89 (off on)

B#%IZ Rulel TixELRMHDT7 57 A2 b2, piperadino %
BLIHERENTND. FROBEOHEILLY, Z0O%
AL7 I FER-FABENEHEEET AR
A, FHREEORR L IZEESRE - TWRY. ZORKEDE
BRIZOWTIRS O RIBHBLETHD.

4. BbH Y I

ARED F— NI VBB LT v & I=A MERERT
LA ERERR L LT, BREKICHT HEERSICSH
WY — FEEERRTII LR TER. ZORKR, BT
FIA NORELEEL LTHA LY R r— FEFATHER
FTHZER, EENREGEEEREOEMIIAD THS T L2
AENTz. BT IR228E B ridge HEUT, A —ABDDR
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