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1 Introduction

Amazing advances in bio-technology now allow us to deseribe various phenomena occurring
in the body with the language of genes or DNA, Genes encode the proteins that constitute
the body. Proteins are not only the building blocks of the body, but also regnlate it. These
proteins are also coded in the genes. Consequently, knowledge of genes and proteins is
indispensable is understanding various bodily phenomena siuch as the ioune system.

Up until now, information describing biological phensuena has been accumulating to the
extent that it explains biologieal phenomena to some extent. To make the explanations
possible, however, we must collect information from several sonrces, biological text hooks
[Albert 1994], papers and databases[Bairach 1992]. These sources differs in their anthors’
interests and in their degree of meshes of deseription.  Recently, several researchers [Goto
1993 have attempted to integrate biologial database. Their works are necessary step toward
description of biological phenomena. However, they are mainly interested in integration of
data and paid a little attention on the representation of biological phenomena.

As o result, nen-experts in biology find it difficult to integrate these information sources
to grasp biological phenomena adeguately, Sometimes, even experienced biologists cannot
get an integrated view of biological phenomena, becanse not a fow biologists are only able
to keep up willl progress in their specialty.

It is important to express in a knowledge base the phenomena played by genes and proteins
and to visualize these phenomena properly, Demonstrations of these phenomena through
visialization lelp students of biology to understand biological phenomena in our body. Also,
the visualization of the phenomena with reference to related databases facilitates research
on genes and gives biologisis further inspiration for new research.

As the first step in realiving a knowledge Gase like e oune stated above, we have stud-
ied represeatations of biological knowledge peeded to describe biclogical phenomena and
have developed prototype knowledge base. From experience in object oriented knowledge
bases[Hirosawa 1993; Tanaka 1993], we thought ohject oriemted knowledge was suitable to
describe biologiad coneepts. We decided to employ Quixote, an object-oriented databasc
language [Yasukaws 1992], in this project. We expected, with the object-oriented langnage,
that concepis like cell conld be described naturally.

In the next section, the suitability of the object-oriented scheme to express biological
pheaomena is shown. Then, our prototype knowledge base, which represents these process

inside a cell, is presented, Finally, the example of execution of our system is shown.

2 Biological phenomena and Object-oriented representation

T'his section shows how hiﬂlf}ﬁ‘i:"al I‘!]‘.IE‘I'InITI.E':I]}I. can be described M[u[u,lllr uﬂing an uhjgct.

oriented scheme.



Cell as object

Concepts like the cell can be described naturally with an object-oriented database lan-
guage. In our body, when cells receive chemical substances from ontside, their behavior
depends on the chemical substance. When we are only inferested in the behavior of cells,
we don't have to be hothered with processes inside the cells hecause of capsulation. But,
we can describe inside processes with object-oriented language and this information can be

referable.

Biological phenomena as interaction of cells

Becanse our body is composed of cells, if cells and interaction between cells are described
praperly, the biological phenomena in our body can be described. The interactions between
cells are also describable as interactions between ecells represented as ohjects. Then, it is
easentially possible to deseribe phenomena in our body in an object-oriented scheme.

In Fig 1, in cell C1. Responee R1 occors when Stimulus 51 eccurs. In cell C2, Response
R2 ocenrs when Stimalus 52 cceurs. Suppose "R implies 517 s teoe in the knowledge base.

Io this case | i Stioslus 31 oceurs (o Cl, conscguently, B2 oceurs (e C2,
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Species of cells using inheritance

There are many species of cells, The response of cells to a stimuius depends on the
species of the cells. Similar species of cells huve similar stimulug-response relationships,
This situation van be represented by the nse of 'inheritance’ of ohject-oriented scheme.

Similar kinds of cells share the same stimmlus-response relationship. In an object-oriented
schemne, the two kinds of cells that share the same stimulus-response relationship belong to
the same class that has the stimulus-response velationship. Because of inheritance of the
relationship, the two kinds of cells have the same relationship.

In Fig 2, C2a, C2bh and C2e are subelasses of 2, C2a has C2al, C262 and C2ad as its
subiclass, Because C2 bas 32 > H2 as stimulus-response relationship, the lower classes
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have the relationship as the result of inheritance, C2a has 823 — > R2a as its own stimuolus-

response relationship, which is inherited to its lower class,

C2:insulin target cell

52 —-» R2

e T

CZa:muscle C2h:liver C2c:fat cell

52 -= R2
S2¢ -» Ric

52 —-» RZ

52 "> R
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Fig 2

3 Prototype knowledge base

As indicated in the previous seetion, biological plenomena can be suitably described with
an object-oriented langnage. 1o our strategy of research, we decided to create a knowledge
hase describing intracellular processes first, Seeondly, we will create knowledge including
intervellular processes based on the former knowledge base.

We ereated o prototype knowledge base using object-oriented database langnage. As
object-oriented database langnage, we selected OQunixote [Yasukawa 1992]. The deductive
feature of Quixote is also utilized in our system.

The fullowing is a portion of it. For the sake of simplicity, only simple knowledge is shown.

receive [name="EGF"] /[result=increase[name="DG"]].; (1)
increase [name="DG"]/[result=active [name="PKC"]] :: (2
active[name="PKC"]/ [result=active [name="SRF"1]:; (3

"EGF”, "DGT, "PKCT and "SRFT are proteius or a sort of protein. The knowledge can be
read as follows, If "EGF" is received, " DG s inereased (1), TF"DGY is inereased, "PKC"
becomes active (2}, If "PKC" is active, "SRF” becomes active (3). The description is done
in the form “Af[result = B]:". It signifies that if A is satisfied, then B becomes true. In

this way, individual processes in a cell are deserihed,

In the three knowledye | Creceive’ ‘tecrease” and Cactive” are objects in Cizote,  How-
ever,we could choose "EGF","DGY, "PKC” and "SHF", which correpond to entity in entity-
relationship model.  Hesearchers of databese might veqard the latler chaice as o suitable
chotee. But, when we describe intracellnlay processes, possible events ave the most essentiol
Ehing that must be deseribed. We selected veceive’, increase and ‘netive’ as object becanse

possible events ore described using these words,



To understand the collective result of each process, let us assert knowledge “ receive[name="EGF"]"
to the knowledge base. If we ask whether “active[name="SRF"]" is true or not, the knowl-
edge base answers “yes”. To prove “active[name="SRF"]" the above three knowledges are
used. An important thing that must be noted is that only individual processes are described
in the knowledge base and that the proof of “active|name="5RF"]" is done as the result of

a series of inferences, Here, the deductive feature of Quixote is used.

Concepts like "EGF” "DG","PEC" and "SRF" can be described in detail as follows. The
knowledge (4} is a description of "EGF”. It means a growth factor named "EGF" has a
length of 110 and its target is epidermis.

growth_factor [name = "EGF", target = epidermis, length = 110] ;; (4}

4 Example of execution

We will show an example of execution of our knowledge base. In this case, “what happens
if insulin arrives at a muscle” is asked [a0). The knowledge base answer that two series of
events will happen | {al) - {a8), (all) - (a21)).

Both series of events consequently deercase glueose outside musele cells(af, a21). In
the first answer series, after reception of insulin{al), insulin receptor tyrosine kinase, PI3
kinase and small G protein are activated{al-ad)., Then, GLUTH4 iz translocated to the cell
membranca{ad). After intake of glucose(alb) and inerease of glucose ioside cell(a7), the final
result happens(ad). In the sccond answer scrics, after reception of insulin{all), series of
activation(al2 - al9) happen. Then, like the first answer series, after an inercase of glueose
ingide the cell{a20 corresponding to a7), the same final resnlt happens{a2l corresponding to
af).

7- arrive[name="insulin", place = muacle ]/[result=X]. (al)

yes.

= state[now= receive[name=ipaulin], (al}
next=state[now= active[name="inaulin receptor Lyresin kinase"], (a2}
next=state[now= active[name="PI2 kinaae"], (a3)
next=state[now= active[name="small G protein"], (ad}

next=state[now= translocate[name="QLUT4", lecation="cell membrane"}, (aG)

next=state [now= intake [name=glucose,location="inzide cell"], (mf)
next=state[now= increase[name=glucose,location="inside cell"], {a¥)
next=  decrease[name=glucose,location="cutside ce111]11111] (a8}
= state [now= receive[name=insulin], {all)
next=state [now= active[name="insulin receptor tyrosin kinase"], (al2)
next=state[now= active[name="Has"], {a13)
next=state [now= active[name="Haf-1 kinasa"], {ald)



next=state [now= active[name="MAP kinase kinase"], {al1s)

next=state [nows activelname="MAP kinase"], {a18)
next=state [now= active[name="S6kinasa2"], {al’f)
next=state [now= active[name="PP1"], (al18)
next=state [now= active[name="glicogen synthetase"], (a19)

next=state[now= increase[namesglicogen,location="inside cell"], (a20)

next= decrease[name=glucose,location="outside cell™]1111111111 (az21)

5 Discussion

So far, a little attention has been paid to representation and visnalization of biclogical
phenomena. In our system, possible events in a cell{ eg. If "EGF” is received, "THE" is
increased | are stored in the knowledge hase. 1f we want to koow what happens if some
stimuluns comes from outside the cell, and if we ask 2o, inducable events are successively
caleniated in the system. The series of events ocourred after the stimulus are then shown
to user. This can be regarded as a simnlation of phenomens in Ue body. Throogh the
simnlation, nsers can cxperienee the biological processes happeniug in the body.

In the present rescarch, the sinnlation result is shown only in the oo of language. In our
next project, we are planning to visnalize the simmlation result. We think the visualization
of the simmlation result enhances the understanding of biologieal phenomena in the body

and il will contribute to the progress of hiology and medicine,
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