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We have devéloped a deductive database system PACADE for analyzing three dimensional and secondary structures of
protein. The PACADE system consists of a relational database created from Protein Data Bank and a deductive
engine DEE based on logic programming. It has the following features: (1) The system has an inference mechanism.
This means by which users can easily write and check biological hypotheses using logical and declarative rules
instead of procedural programs. (2) The relational database of the PACADE system stores data on both three
dimensional and secondary structures of protein. The integration of this two level structure makes feasible an abstract
representation of the protein structure. We-describe herein the design, functions, and implementation of this
PACADE system.
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[F1] distance(6,14,4.631,'4ape".

[F2] distance(14,155,4.430,'4ape’).

[F3] distance(74,83,4.024,'1sbc").

[F4] distance(83,86,4.865,'1sbc").

[R1] cluster(X,Y,P):-distance(X,Y,Dxy.P), <'(Dxy,5).
[R2] cluster(X,Y,P):-cluster(X,Z,P) cluster(Z,Y P).
[Q1] :-cluster(X,Y,24apel).

FI,F2, F3BLUF4E 772 F Th b, "distance" lIBEETH 0. FIBEEHTH D, 777 MzBERT
— I R—ZARBARENTEY, LER L ESICHRBBILN T —IR—2AD5MEEIND, RIB L UR2
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[F5] cluster(6,14,'4ape’).
[F6] cluster(14,155, 4ape’).
[F7] cluster(74,83,'1sbc').
[F8] cluster(83,86, 1sbc”).

¥/, R2¥WERETAFOEFIONH 77 2 bRt 5,

[F9] cluster(6,155,"4ape”).
[F10] cluster(74,86,'1sbc’).
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BLiliv, COREHLESOERZIITRVEV ) SRRITHBNLRELLEL S BEHES
DIEERFELERBEL TR EEX LN,

2.2V A7 LK
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7 Al 3FEIHD 7 7 4 v (Protein Data Bank file, Database, 3 & Uf Rule file) & 3O E Y 2 — )V(SYBASE
Extractor, 33 & U'Deductive Engine) »* 5l ST 5,
[Protein Data Bank file] X 7 ¥ X FERND 7 7 4 W CH4 DBEEHET— ¥ %ML Twd, F—F R
— ADEESHR RO DIIDNA, RNA% &, SEQRESL 2 — F, 2Xk#EDF— ¥, &5 iZATOM
Va—FEFELLVIV PY—IZOWTHBRNL 72,
[Database] 7 — & X — Z I$ B4R 7 — & X— X % fiv>, Extractor modulelZ & ¥ Protein Data Base?® & BB &
ha,
[Rule file]v— V7 7 4 Wiz 7 ¥ X MERD 7 7 4 )V TDeductive Engine C{HERT ANV — LV EBHL TV
5o
[Extractor] & ®€ ¥ 2 — )V i3 Proetin Data Bank® 7~ ¥ % SYBASED RN L 7 — & R— 2~ T
Bo T— IR~ ZADEEMHED =%, insertion — FIZR &, [ UHHIC X 1 ¥ Dalternation = —
FRTERA L,
[SYBASE]SYBASEIZR 7 — ¥ X— XA EH IV AF ATH Y, Extractoril &L o TF—F R—ANEE X h
BHAITE. BMREEH T 5o ¥ 2. Deductive Engine? 65N 37 Y FilL o T, F—FR—A%HREL
#& 3 % Deductive Engine {3 R THEEL H T 5,
{Deductive engine]Deductive Engine 13 2 2D E Y a — W SR I Tw b,
(1 Rule Transformer _
CDEY 2 — Vit FIHELFR L 72V — )V % Bottom-up Evaluator?S & D4R MICRBTE D L 51
V= NDEERXEIT )0 AV AT L TidMagic setli B £ UNRSUERIRA L Tw 5, [11,12, 13,
14]
(2) Bottom-up Evaluator
ZDEY 2 — )vidrandformer 7> &V — b & BR % B, semi-naivei: % Hvs TEEM% 4TV, % FH
AEET . SETHNIISYBASEXAVTT —y R— A% REL, 772 MoBRT 2,
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PACADEIZ i3 ¥ TIZ 3 KB ERE D 720 1 DBHREER LT /eds, SR THkk 7 528 —
% 0 723 I hydrophobic_parameter , 8 2 KAEBERF 0 /201 SEOFHRREEML 720

Bkt 2 5 A % —#F 4. amino_acid, distance 3 & UFhydrophabic_parameter % £/ L 720 FUMH L 72 [84%
2777 PERTHRTHERDL I kD,

amino_acid(1, ser, 18, 23, '4ape”).
distance(l, 2, 6.3, '4ape’).
hydrophobic_parameter(gly, 0.10).

ZNT 77 bOFIBOEREROED TH 2B,
amino_acid : A B4APEI BV CRA D& serTH ). TORXEBZIBFE,L LBHFBORT%
ELTwa,
Distance : B HE4APEIZ B\ THADOFRHE L 2F B DM O BEHESN6.3 angsromT & %,
hydrophobic_parameter : glyf%3 D BUKHIREE D EA0.10TH 5,
AEY —D# D bdistancet BT 5 7 7 7 M315 angswromARI DB R M L, TR LOERD
BERCOVWTREEROMARLEERET I L TRAL TV 2,
HE 2 RIEEDOMFITIE, secondary_structure, min_distance 5 & Uangle DR EFA L 2o 22T, /= F
EIEABAAEAL, 0/~ FORFTEAKEERA L2, / — Fid 2RMEEZ T L 726 D Tstrand,
helix$ & Urrandom coil 36 2o TV d, HHL7BEE2 7 727 PORRTHRT L LRDL H % 5B,

secondary_structure(1, coil, 1, "3tn’).
min_distance(2, 4, 4.401, 3tn").
angle(8, 10, 40.0, '3tln’).

heDT7 77 bOEKRE LT
secondary_structure : & B Z3TLNIC B W THRMD J — Fidcoil T 1 FZEL BT,
min_distance : FEEITLNICBW T 2HFB L 4 FB D/ — FORMES4.40langsrom TH 5o
angle : EEEAITINK BV TSHEH L10EHD / — FOAREIRWOETH 5,
ZIT, angleld 2 REEMOAEOMMEL LTEEIN TV, 2RWMERMOAE R ENELOHE
DN Carr & CHEID Cag THORY FVOAEEEHL 20 '
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FHRELTOEY TH 5,
(BN $EE15]2°2.000 LOFRIEY BUKERE L T 5,
@) 2 0 DBUKYE R 6angsromBARICH B & &, £ D2FE2EM (hydrophobic connect A FET % &
5, .
(3) Z Mhydrophobic connect*44 L Thydrophobic cluster % JEAK 2«

hydrophobic_connect(Xnum,Ynum,P):-
hydrophobic_parameter(Xname,Xval),
hydrophobic_parameter(Y name,Yval),'<'(2.0,Xval),'<'(2.0,Yval),
amino_acids(Xnum,Xname,P),
amino_acids(Ynum,Yname,P),
distance(Xnum,Ynum,Dxy,P},'<'(Dxy,6.0).

M2 :HktEs SRS —BREOV—IV
FIHEBANT HEMBROERE L bo
:- hydrophobic_connect(Xnum,Ynum,4ape’).
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meander_n(A,[B,C],3,P):-hairpin(A,B,P),hairpin(B,C,P).
meander_n(A,[B{L],Num1,P):-hairpin(A,BP),neander_n(B,L Num,P), Num1 = Num + 1.
hairpin(A,B,P):-not_coils(A,B ,P),neighbour(A,B P), double_anti_parallel(A,B,P).
not_coils(A,B,P):-not_coil(A,P),not_coil(B,P),B=A + 1.
not_coils(A,B,P):-not_coil(A,P),is_coil(A1,P),not_coil(B,P), Al=A+1,B=Al+1.
is_coil(X,P):-second_structure(X,coil,Xnum,P).
not_coil(X,P):-second_structure(X strand, Xnum,P).
not_coil(X,P):-second_structure(X,helix,Xnum,P).
neighbour(X,Y,P):-min_distance(X,Y,Dxy,P),'<'(Dxy,20).

neighbour(X,Y P):-min_distance(Y,X,Dxy,P),'<'(Dxy,20).
double_anti_paralle}(X,Y,P):-anti_parallel(X,Y,P).

double_anti_parallel(X,Y ,P):-anti_parallel(Y,X,P).

anti_parallel(X,Y P):-angle(X,Y,Axy,P),’>'(Axy,120.0),'<'(Axy,180.0).
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greek_even_r(A,[],D,2,P) :- hairpin(A,D,P).

greek_even_r(A,L,D,Num1,P) :- not_coils(A,B,P), neighbour(A,D,P), double_anti_parallel(A,D,P),
greek_odd(B,L1,D,Num,P), append([B],L1,L), Numl = Num + 1.

greek_even_l(A,[J,D,2,P) :- hairpin(A,D,P).

greek_even_I(A,L,D,Num1,P) :- not_coils(C,D,P), neighbour(A,D,P), double_anti_parallel(A,D,P),
greek_odd(A,L1,C,Num,P), append(L1,[C],.L),Num] = Num + 1.

greek_odd(A,L,.D,Num1,P) :- greek_even_r(A,L1,B,Num,P), greek_even_I(C,L2,D,Num,P), append(L1,[B].L),
append([C],L2,L3), L =L3, Numl = Num + 1.
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