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Definition of Mechanical Functions towards Construction of a Cell Death Ontology
that allows include Unknown Factors

A Tt NE R e R

Chihiro Yamauchi Kazuaki Kojima Tatsunori Matsui

LR AR BE N RHEF 7R

Graduate School of Human Sciences, Waseda University

e PN YN R = 2 T

Faculty of Human Sciences, Waseda University

Computational simulations are expected to play an important role in understanding of unspecified factors in
biological phenomena. Thus, knowledge in biological phenomena is accumulated as qualitative descriptions in
natural languages on literature. Construction of ontologies is adapted to translate such literature knowledge
into knowledge representation available for computers. Simulations are indispensable in revealing new factors in a
phenomenon which haven’t been empirically observed yet. Ontologies focusing on functions enable such simulations
to verify new factors assumed to be. In this study, we classified functions hierarchically to build an ontology for
a signal transduction of programmed cell death. We then constructed an ontology about molecule behaviors and

systems in apoptosis, which is one type of programmed cell deaths, based on these hierarchical functions.

1. BU&HIC

AWmERIEREO I, KICHOMHAERERZRAS L, ¥
ATLELTCOEMEBEETIHERHD, > IaL—Tav
IR, L Lo EmHRIIEHc 0EERDIZS S F
WCINA T DOPIBISR & R T L ) EME R Ic KRS
ERMNGEBRICBARSH 2. 2070 I 2L — 3 VRERIC
1, EWENLE T 2HEE EANOLHT 220, £ b0
C—EMOBEHNIEZ NS, Ay hrY—IlLoCitidEn
THEEZ Y S 2= avIiIEP LAl 2B L) LT3
IZIE, REITIE S 2 DEFEEPTHI 10T 2 BRSPS
MoBR%E 4y tuy—ERohicE 3208 8H 5. Zh
2k, RO 2 BB ST 3 & L O
DO PLHSPICT IHRRINFIEICE I IaL—rarvo
WEERFEHINL EEZO6ND,

Z TR TIE, PEE o~ m, HRgIcEE
L7eT A AF v ey —%#HT 5. FRIc7 R F—> RI2B
T2 7 FIGEDAGERZEILL, 7& b= 20 5 HlfasE—
W & RRZ IR L 25 A0~ 222179,

2. TIARAAY NOAI—ADEA

AN E 2 X H = X L% BI2IE, HRICBEO2 8~
NIEFTFOREPBELE RS, ZO1DIIFFTOEZ B
ROWRE R ED LD~ 7 v kb L O, SR 230D
0. FERIIORE R A B E WIS L2z BTl c il E
NTLRIFIUL R 52\, Z DIFERO 72 D ARZE TIEFRERE & \»
IR ERZRMET 2T 2 F v Y=tk ) 7R
b= RICBHT 2RIk B L 7

TNA AL v b u Y — I EREEE 2 2 BEOR ARt
720D TERE) ICEH LRI, IrEoB 285701
UL Bl 2 R TEIEE & 2 2 RE T2y, (Agent & W
) Lz G My (Object EWEER) MMEET S
[RA 02]. FEABEZICIE, NRETIHFICBTZRS DR
79E (m—n) REzons, &EHICE, 2EiE (Device)
WERY) (Object) « B4 (Conduit) « B4 (Medium) - #ik 5 >

MK (LN T2, BRI KB NERFEDTTERE, W R RAT
IR = | 2-579-15, chihiro_yamauchi@toki.waseda.jp

AR AT RE
Cmn > — Coemn >
"‘ S "’
b e — zeman
r‘ﬂ%ﬁ;*“”’mlwlﬂiiﬂ¢D|

X 1: 54 A4 v Fay—IcB T 2 EREEE

(Behavior) 23% 1, 4 OFEAMZIZ, TN OMERE
BT %, MRyiE, EEOME s, boz#ksh
HEEIINRYICN LT ME202 (BHT2), &) RE
ZRIT AA 02]. RBFECIE, BEOEAICL - THERY
DRI - PLENZEL T 2R RBI NS,

AHETIET AL AA Y P oy —REEORS, RIEPRE V-
T A DO E P52 5 FITRT, AV e —2/ET
ZE/NEN O L U CERES T OBEE ML L7 VA Y
VAELT, AVAYVATEBT 2HEICLY, FEUKT S
ZNFNOEE (T X 1O0RICEEF ST, FuELA
THERE E L Cho ROTBRICHED 2 2 LN TE S,

3. BEDHE

EBD X ) ICARRTIRERE T TICEEA VAV A%
FEAEBEAE & L CER L, BABEE & U ORISR IC X D RE
BLE N B AR IR 2 e U 7 (X 1), JEARAVEEHE & FHRRIRE
el T2k OBIRICH D, oL TH 2 HEINHRE
W LT, HHARAUBERE 3 IR RRRE & 2 5. ALERAVEERE 13RO
ERL, MEEETHIERETFOBE LT, (VRS
VAL D, Fio, BB TR E N5 DFEMRS T OH)
EThHY, MBI IR TIC X 2B EER I NS,

3.1 BRIk

TREF—=YADY T FIMEED T TH 5 Fas RO 0
CHERRE 2 FLR L7 (M 2). EMBERI [ 05) 2 5%
ELTW3, Fas MBI 22 7 F I UniEi: EtkofE

e
e



The 26th Annual Conference of the Japanese Society for Artificial Intelligence, 2012

FasL-Fas
fedn

1

i
| BESTNARICRERAT

1

1

I

[ras] | EE

72T Benavior < to convertSET behavior

leso [ change eegony]
in state <<to convert$B1 behavior%in state
[ind actviy|
target molecule <<to convert$B1 behavior%in state%target molecule
"Fas"

CIRDEL
out state <<to convert$B1 behaviorgout state
| [be allosteric effected activity |
target molecule <<to convert$B1 behavior¥%out state%target molecule
Fast

/o1

2: Fas Y #'> K & Fas OfEEICE T 2 BB

Zity PRORKIEER ER I THERIETH S Z L6, B
WE&37to convert” £ D, ZDOTICA Y AY VADERE N
%, M21Z/R L7 Fas U A~ K & Fas OFEAHETCIE, Fas Y
AV PR EAEIT ) TEE 2 D BEORE 2 BT, B
IEFRYIDTRIN D BRI ey - 3a Yy R—% v b & LTER
INb70, Fas VA Y FE X Fas NI %, fEHZ321)
THRIGDHIRICE LTBEDIEMT 2 b ONEETH D, R
WELTEREINS, REIBOIXEEOBHEOZILTH D,
O EZITCFas 37 R AT Y v ZHlflENs, ko<
0 —)Lix, BT NA A Fas U A R/ RRY- - 15 /45
e fEE /B — b TR /BLIR 28\ - 16 O E A
24t (7ax7Yy 7)) LHEHBToNnD,

Z DK, RN ORI REE L NRY O EE TR S
1, KGICEL 20T I3BEE L CERT2 LD L, ke L
TIEEZES OO 2 M TH 5. TR T 24 D)
X3 TEEMNEHREZEME TS, v itdicii—L %,
F 7z, HBEEEICB LTHRTH 215MEE 2 LS 2k L
LT hEom LfSaofius, YkE X ORE 2 EEL 7.

3.2 fRBASEE

HABERE Tl TIHEOEOZE) DAICERL Tk
DR L, FHARMESRE IE AR IC X DER I N, EHE RGeS
KB ND, [EIF 05) FHAREOMEEE TTEMEEL VOIRT D
WHH L T vicd 2y, TEkZ EORER T2 L
7o THEIET 20 - THII$ %0, TWEMER &2 AT Hy IEBL
72 Tk T 20 DAREE LT3, AT N%E25E
&L, Fas BEEDKIGIE A A 28— DIGHEAASEEET 2 HEiE
25DTH 5405 HIRT 21 O & E U -CHEEERE
REFRL. K3 IIHEMROEEDOAL VA YV ADHITH B,
HLRRBERE 2 7 C b 2 LIRS I X DI S s Fe
5, FEEERHEIC BV TTEEE & o R R BRI TN R &
LCEt L7z, 78R b= AOFERMTH 2 H A =X DiF
AL, ST ANA AEEDEEE DISC 2 2 HIC L DR
INbo, BEMKDISC 257 % Fas, FADD, caspase
8 WEAKINICTEEZZL S ¢ 2 EETH 5 & LTI T A
AEEHE LT, Ef, HRIEEED T — L h3h 28—+ 3 DI
AL THBZ DS, HA—E 3ICHHL, Fas DflfkAHE
RBICBWTH A=Y 3 DREN AT 23, 2 blic
koTfitbnaHEE2TB L2, MErs, FEEzo—NLIg,
HAERI T34 A -+ DISC/NRWY - - 1k /A4 - - 5856 - VI - Tl
H/FEAEEERE - - Fas YAV F - FADD - Fas- ¥ b7 mlc-
Apaf 1+ A A=+ 8+ A A/X—+ 9-Bid/Bl k28> - 7

Fas
operand " —_ N
o1 555 MIT AR L)
,I_WE e e e e e ~ - -
A N [molectarcomprex]  }
! | relementary device \ 1
I o i ]
elementary device 1
01 " " O "
: / FADD' : FADD' 1
1 Jo 1P 1 0 T 1
' [oeamrsmeare] | | V2 | [ses] s
1 /o 1 pdomain I |yo 72 behavior
o -
1 1 to change attribute
1 1 relementary device 1 focused attribute
1 fo "Fas" 1 concentration
1 | Rort 1 /o 1 peffect
1 fo molecular structure | | 2
1 domain 1 focused attribute
: bro : (category of) activity
1 elementary device 1 o1 out state
Pl e one e (Geve ]
1 /o1 elementary device 1 focused port
s S | (oo
1 | medium 1
| e e . (7]
elementary device N
1 /o 17¢! d 1 = S0
1 1 REFEL(HR/IN—H3)
1 /ol elementary device 1
: [Emws] |
medium
[ T8 [ e |
\ /o1 elementary device 7/
\ /
\N ——————————————— ’/
EBHT/NAR

3: Fas f&BEIC B 1) 2 AN BERE

AN—X 3 DIREZL »HED BTG,

4. F&oH

YA ST BRI B % AHEE & 0 Flil N A T TN
AX v ERY = ko T T DR RS L L CHEZ, Higx
HeAERIEEE & R ESBRIc L - BT, TR P =2 R
% Ak 2 AR — I L 72,

L Ldds, ZZETOLY FuY— i &N TDEE)Ic
HBRE2UTRODTH LD, DT & ONEENZ i HM T
HZBETICEES>TOR Y, FTORTHREDBEANOLE
12X, EEOIKRIC Lo TZzNnEHL I L AT ER S T,
AP =TGR EIMZ T BENH B, K
2, 7R =Y RAICBOWTHEHELRE#HZ LT HAR—E T 7
Y —ofEIRIc kD, TR - RAETHEEICE TR
FEFZE L THEET 2 A A= 13,14 12OV THHiEL & 2
k9 kAvbuY—%2HIET. £, EETHIUIERL LW
B, GefbE LBRICRI D 5 2 TRl & L CoBRD
Fhle, NHREHR%Z b & HARIBEAE & RARIBEAE 2 K Y,
TRIOHSEE 7 B IC T 2 HEE O L E E 2 5.

RPN

[ZEAY 02] 2R M5, WO H—EF: 4 v bu -T2k
 BRBEMAGRIA R L OB A, N TAHIBEY 258, Vol. 17,
No. 1, pp. 61-72 (2002)

[ 05) Bk BT, W0 B8, SR fIA: 781 242 b
0 Y=l T FNBE AT = A O INELE
AHDEAFE, NTHfEE4EE, Vol. 30, No. 6, pp. 406-416
(2005)

[Matsuno 03] Matsuno H, Tanaka Y, Aoshima H, Doi A,
Matsui M, Miyano S: Biopathways Representation and
Simulation on Hybrid Functional Petri Net, In Silico
Biology, Vol. 3, No. 3, pp. 389-404 (2003)



