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ADSTRRACT

W developed o knowledge base syslean Wit describes,
sinmlates and visualizes zignal transduction in a cell
The systemn tuns on Unix, and 8 mainly comgosed
of the hoowledge base module and the interface mod-
nle, The interface madule requires Motif, The knowl-
edge base module in the system is described in micro-
Cuixote, a object-oriented database language cxe-
cutable on Tnix.

Users can ask a question [P.g. Whal happens if
an epidermis cell receives a stimulus such as EGE ¥)
throngh Lhe interface module.  The kpowledge Dese
module infors the resnlt that eccurred in the cell and
the pathway between the stimulus and the result of the
shitenlus, Sometimes the pathway includes leauserip
tion of DINA and production of protein.

The interface module displays the inferved informa-
tion in two levels of detail. Users can refer to related in-
formation about pretein that appears in e displayed
aignal transduetion pathway.

INTRODUCTION

Amazing advances 1o bio-technology now allow us to
describe a range of phensnena that oeeurs in the hu-
man hody by applying the language of genes or DNA,
Cienes cneode the protoims that constituie the body,
Mroteins act not anly as the bmlding Wocks of the bady,

but alse serve to regulate it. These proteins are also
coiledd 1o e B, CuusuquunLl}', H k:lcnwlt.'dgr: al Boenes
and proteins is essential to understanding phenomena
such as the immune system

There 1s now cuough accumualabed mfonoatlion to
l'IF!ﬁI.'.F'i]'I‘F: F.I.I'H'I nxp]a.in hiﬂ]l’];:il'.ﬂ.] ]1]1:-:nnr11|=n:1. to smimne
extent.  To make the explanations possible, how-
ever, we must colleet information from several sourees,
bivlogical text  books {.l"l.lh&r‘t lggﬂ: papers  and
iatabases{Bairach 1992}, These sources differ in their
authors” interests and in their degree of abstraction of
deseripbion.

Several researchers (Goto 1993) have attenpted to
integrate bielogical databases. Their works arc a nec-
easary step toward the deseription of biological phe-
nomens. However, all have been interested mainly in
integration of data and have paid a little attention to
the representation of bislogical phenomena.

Ag a pesult, nan-experts in bislogy find it diffienlt to
inbegrate these information sourees Lo adegualely grasp
binlogical phenomena,  Sometimes, even experienced
biologists fail to get an integrated view of biological
plcnomena, becanse many are only able to keep up
with progress in their specialty.

It is important to express, in a knowledge hase, the
phienomena played by genes and proteins and to visual-
ize these phenomena adequately, "Uhe vse of visnaliga-
i hielps students of biotogy Lo understand Biological



pleenomena in the body, Alse, visualizing phenomena
by referring to related databases facilitates research on
penes and pives biologists further inspiration for new
research.

In our previeus research (Hirosawa cf al 1994}, we
studied representations of bological knowledge weaeded
b describe biclogicel plenomena, especially  signal
transduction pathways, and lave developed a proto-
type knowledge base. In related research, (Karp 1594)
studied representations of metabolic pathways using
T.liH-I].

In onr prototype knowledge base (Hirosawa of al,
1494) , we employed micro-Unixote, an object-oriented
database language (Yokota el ol 1993) . From our ex-
perience with object-oriented knowledge bases (Hiro-
sawa et al. 1993; Tanaka 1993}, we had expected that
an object-oriented knowledge base would be suitable
for describing biolagical concepts. Tt proved to be a
good cloice.

Based on the provious stady, woe developrd o proto-
type knowledge base systemn that displays sigual trans-
duction pathways mferrad in the knowledge base, when
some stimulus (g reception of BGEF) @ given to a
cell. The system is exccutable oo XLIRS, and was poo
grammed based on Matif,

I the next section. our system is presented and
kuowledge presentation in the system s described.
Then, an example of execution with cur system is pre-
sented, Finally, there 15 a discussion.

PROTOTYPE KNOWLEDCGE BASE SYS'TEM

In this section, we introdace aur protetype knowiedge
buse gystem, ‘1'his consists of an overview followed by a
deseription of the modules in the system. The system
can predict what will happen if o speeifie kind of ecll
oxperiences some event (e, arrival of RGFL

Ovorvicw

An overview of our systen is shown in Fig.1. The sys-
temt is supported by any Unix machine, It is composed
ol four modules, the contral module, the knowledge
base module, the database module and the onterfaee
maduale. Aw explanation of these modoles will e pro
vided later.

Through the interface module a user can ask a ques
tion to the system (eog. What will happen il a epiclee-

=3

mis cell receives EGF?). The question is lransferred to
the knowledge base module through the control mod-
ule, Then, the module infers (1) what signal trongdne-
tion{ including transeription of DNA and production
of protein) will happen and (2} the final result of the
sigaal transduction.

Thiz information 15 transferved Lo the confrol mod-
ule and the final result of signal transduction is dis
played by the interface module. If information about
the signal transduction pathway is necessary, it can be
fli:kp]n.}'i'.:]. Furthermore, information on |r:rr:-l.|=.'|n i the
pathway can be displayed to users by consulting the
dlatabase module.

The interface module

The mterfzee maodule &5 coded in ©, is exccutable an
MRS, and is [:1'ug|.'.=|.r11lm=:ﬂ hased o Motil T]u-:_:ugh
this macdule wsers can ask & question and the system
can visualize the inferred signal (ransduction pathway
i two levels of detasl loformalion oo prolein in the
pathway can be displayed by consulting the database
module. Uhe real image of the interface will be shown
iz the next section, “Fxanple ol execalion™.

The database module

The database module has a protein dictionary, It is
connposed of Bats of proteiss and their accession num-
ber in the PLHL The dietionary iz used when users pe-
quest information onoa protein Lhrough the imterface
nadule.

The knowledge module

The knowledge base modale is writlen i flee objoect
oriented database languase, micro-COuixole (Yokota e
al. 19930 exentable en UNEX, It is composed of an
inference modale and live koowledge bases, naely
the intracellular process knowledge hase, transcription
krlﬂwh':fl,";l.‘ baze, cellulwr process knowledge base, in-
tercellnlar process knowledpe base and cell inheritance
knowledge base, The inference module ntilizes the de-
duetive leature of micro-Uuixote,

Intercellular process knowledge and cellular process
knowledge are utilized to describe interaction between
cells. Wi don't focus on interaetion betweoesn cells hiere.
For mformation about the two kinds of Enowleden,
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veader should refer to the previous papar (Hirosawa et
al, 1994) .

Processes wilhin one cliss of cell can be descriled
uaing knowledge in the intracellular process knowledge
base and transcription knowledge base. HBecause tran-
seription knowldge is important information, we treat
it separately from otber infonmetion. And the hierar-
chical relationship between classes of cells 15 describaed
by the cell inheritance knowledge basc.

Transcription Knowledge Base

The entries in the transcription knowledge basc de-
seribe which response clement coutrols whal geae. Two
examples are shown helow, The entries can he veard as
follows: SILE controls c-fos (1] and TIE contrels G1
Cyelin [2).

gene [name="5RE" ,coded="c-fos"] ;; (1)
gene [name="TRE", coded="Glcyclin"];; (2]

Intraccllulary Process Knowledge Buse

Each entry in the knowledge base represents individnal
processes insicde a cell. For the sake of suuphcity, ouly
sunple knowledge s shown.

veveivefnanse=" EGFT) fresnlt =increaso[masne=" D" |1 (3}
e murlnnmr:" THE"]J [remnle=astive[name="THC" | lin (4}
activifnane="FRC")/ [resule=active[name="58F¥" ;. [5)

"EGET, "TMGT, "PECT and "SRF" are proteing or
a sort of protein. Uhe entrics can be read as followa,

If "BGEF" is received, "DG" is increased (3). [F "DGY
ig increased, "PRCY becones active (4). I "PRC" 15
active, "SRI™ becomes active (3). The description is
done in the form “A/[result = Bl;;". 1t signifies that if
At salislied, Lhen B becomes Lrae,

To understand the colleclive resall of each peo-
cess, let us assert knowledge © receive|name="FEGF"]"
to the knowledge base.  1f we ask whether “ac-
tivefurme="8RF"]" is true, the knowledge Lase an-
swers “yes”.  Ta prove “active[name—"SRF"[" the
alrove three entries are used. An important point that
sl be poted hese is Chal only Endividoal processes
are deseribed in the knowledge base and that the proof
of “active[name="5RF"]" iz the reault of A series of in-
ferenees. Here, the dedoetive featurce of miero- Choixole
iy used,

Cell Inheritance Knowledge Haso

The cell Inheritanee knowledge base deseribes U Daee-
archical relatioeship between classes of cell. Ry means
of the knowledge base, intracellular processes described
in some class of cell are inherited by 163 lower class,

Two examples are shown in Fig2, Kuowledge (6)
weeants bl liver, wunsele aned fad colls are subelasses
of the insulin_target _cell. Muscle has stoiated anuscle.
smoothe muscle and heart_muscle as its subelasses
{Kuuwlutlgr_‘ f'l"}:l- Tn thans CElsis, if et racaedlalar Proesses
{eg. intracellular knowldege (33A)(5)) collectively rep-
resented by Stimulus= > Heaction are assigned as
imtracellular processes of insulin.target _cell by the nse
of the module concept of micro-ChnivoteYokota et al.
1993) . these intraceflular processes are inherited by



their three subelasses, As a result we don’t have to de-
gcribe the intracelluar processes in the three subelasses
thanks to the inheritance of object-oriented databise
language (in this case the module concept of micro-
Cuixote).

insulin_target_call =

{liver,muscle,fat_cell)};; (6]
muscle »=
{stristed_muscle smooth_muscle heart_mmsclel;; (T}
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EXAMPLE OF EXECUTTON

In thiz section, we will show an example cxeention
of the knowledge base systemn(Fig.5). First, the system
iz invoked by the commnmand named "pathway’. Then,
nsers specify afile name of the knowledge base. In this
example, test? ogut. iy sclected. In test2ql, knowledge
related to cell division cyele is atorod,

Users can ask question by specifying it in question
box. In this example, the question i= what will happen
if an epidermis cell receives EGF. Then, the knowledge
]].i‘l.?i-i-'! rm][]l!f:* i.]'l Ers l:ll'l]['.l’ﬁ!-i(".‘-'\. I.I!H.I. HIH'!E"HHHi'I"i‘l}' [aEalstin N i]'l
the eell and the final vesult. The system shows a result
i the gquestion box, "normal coll growth’ in this case.

When vsers want to know a pathway between the
reception of BGF and the normal cell growth, & rough
pathway can be shown in the left side of the display by
clicking 'Thaplay’ in the question box. In this example,
users can see six bip events, namely expression of o_fos,
Gl oeyehn and s-gene, then ocourrence of s-peored, G2-
period and M-period,

If nzers want to know more detailed information be-
tween any two hig evenls, users can obtain the infor-
nwation by specilying the two cvents wsing mouse. In
this case, ‘start’ (= arvival of EGF} and "express e-fos
ave specified. Then, detailed pathway between the twa
big events s displayed in the right side of the rough

pathway. The detailed events are (1)activation of G
protem, [2ctivation of PLO, (3jhydrolysis of PIPZ,
(4)peoduction of DAG, (5)activation of PKC, (()acti-
vation of SRF, (T)binding of SHF to SIE and (8)ex-
pression of ¢-fos, Here, activation of some entity is
symbaolized by a solid arrow. Other processes siuch as
hytlml_-,'sis and pmdllﬂt.iul! FARe $3'm'|_1r_1]i;r.ui by chasued
ATTOWS,

When uscrs want to know information on any protein
in the pathway, users can obtain the information by
clicking the nlerested protein. Tn this version of the
systein, accession numbers of the protein in PIR are
displayed. We plan to extend the system so that it
can display PIR entries corresponding to the accession
I:I'I.Illlhl!ni.

DISCUSSION

1. I onr system, possible events within a cell| eg. if
"EGET is received, "DGY is inereased ) are stored
in the knowledge base. If we wanl to know the
event that occurs if some skimulus comes from ont-
gide the coll, and if we ask so, inducible events are
siiecessively ealenlated in the system. The serices
al evenls Lol oceur alter the stimualus are then
displayed. This can be regarded as being a sines
lation of the phenomena that ccour in the body.
Throuph the simulation and visualized presenta-
tion, users can experience the biological processes
happening in the body. Also, they can nnderstand
what proteins play o role in the phenomena. The
provpmen af the system will be obtainable through
Jip by the end of next Mareh.

An important point that must be noted is that
anly individual processes are described in the
Enowledge base and that the result of normal cell
growth is derived as a result of a scrics of in-
ferences. Here, the deductive feature of micro-
Cluixote s el

2. In this knowledge base, we utilize inheritance of
the object-oriented database language (manely,
the module concepl of Jlli::rr}-f}l:;zf‘ﬂ.r} to effec-
tively describe intracellular processes that hap-
pen when a cell veceives sowe stimulus from oul-
gicle, Beeanse the intraccllular processes of some
class of cell are antomatically inherited by its
lower classes, there 15 no need to describe the re-
lationship in thase lower classes, This reduces Lhe
amuonnt of knowledge necessary to deseribe biolog-
ical phenomena.



J. We can deseribe the reaction of a cell to a stimulus
from outside 1o two levels of abstraction. In one
way, we can describe it by describing every intrs-
cellular process involved in producing the reaction
from the stimalus to a cell. Tn the other way, we
can describe it by describing only the stimulus to
a cell and its reaction. So, we can see biological
phenomena i differeat levels of abstraction. In
this paper, we concentrated on the first type of
description. Howewver, the latter descriptive ap-
proach{higher abstraction} is also possible in our
aystem with Lhe use of the cellelar proces koowl-
edge base. It is useful when users focns on inter-
cellular interaction.

Often, biologists want to understand biological
phenomena in greater detail. This, for example,
happens when they want to compare two biologi-
cal processes. In such a case, the former approach
i preferable.

Iowever, it happens that oot every intracellilar
processes deseribing the describing the reaction to
a stimulus is possible. In this ease, biologieal phe-
nomena can be described only in the latter way.

ACENOLWLEDGEMENT

This research was done using mainly the facilities of
ICOT when M.IMirosawn stayed at there, We thank
Dir. Uchida of ICOT and Dr. Takanami of the Kaznsa
DMA Research Institute for establishing the research
collaboration between [CO'L and the Kazusa DNA He-
search Institute.

REFERENCE

Albert,Boel ol 1994." Maoleenlar biology of cell.” Garland
Fublizliong, TN,

Bairoch A, 1991, "Prosite : A dictionary of Protein site
and pattern @ User manual Meloase 7.00." May 1991,

Goto 3. el al 1903, A deductive language m object-
aviented dakabase for genome aualysis.” Proceedings af In-
ternatined Symposium on Neri (Genaration Database Syse
tems and Their Application | ppl23-120,

Hircsawa M. et ol 1903 "Application of deductive
object-oriented kuowledge hase to genctic unformation
processisng.”  Proceedimgs of Internetionad Symposinm on
Nezt Generalion Database Syslemy and Their Application
 ppllG-123,

Hivosawa, M. et al. 1994 "Simulative represeotation of b
ological knowledpge using ohject srented loguage,”  Froe,

(Fenome Informatic Werkshp, | Yolohama, Japen, 1594

Tanaka, H. 1993. "A Private Knowledge Base for Molecu-
lar Biological Research.” Proceedings of the Twenty-Sizth
Annual Howail [nternational Conference on Spstem Soi-
ences, Vol.1 ppRG-812,1993,

Karp, P 1994, "Representations of Metabolic Knowledge
Pathway." Proceedings of the Second International Confer-
enee on falelligent Spstem for Moleenler Biology pp203-
211,1994.

Yokota K et al 1008, "Spectlic Features of o Dedue.
tive Object-Oriented Database Language Ouixote ™ Proe.
ACM SIGMOD Warkshop on Combining Declarative wnd
Object-Oriented Databases, Washington DG, USA, May 29,
1333,

BIOGRAPHY

Makolty HIROSAWA s a rmesearcher i Dhegpacbmonl of
Genome Informatics at KDRI{Kazusn DNA Research Ia-
stitute) in Japan.

e was graduated from Science Univ, of Tokyo and recieved
master degres of plysien from Tokyo TToive Aller reseanch
i perin] ol Hilwehi Tk, He had sbaddied knowlelge engi-
nevring, then the application of knowledge enginnering to
binlogy at ICOT{ Research center of japanese 5th generation
computer project), He veturned to Hitacht Lid. and stud-
ted communication netwark in & short period, However,
he came to realize tliet Blo-infornmatics was his DPromised

Lanel, wned I joined KDL






