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ABSTRACT

Motivation: Generation of biomedical hypothesis is a very
important task in the pharmaceutical industry since it serves
the whole drug development pipeline: which are the
physiopathological mechanisms underlying a disease, which
biomarkers shall be measured in a clinical trial in order then
to be able to do proper data mining and then deliver best
service to the patients, which unexpected events could occur
if one inhibits a certain molecular pathway, which could be
new indications for a given compound. These are only few of
the many questions which require discovery of hidden links.
In this work we describe our experiences and a small tool we
developed and make freely available which bridges in bidi-
rectional way semantic wiki and system biology technolo-
gies. This CellDesigner plugin therefore enable easy share
and reuse of knowledge. Source code available at
http://code.google.com/p/sbmi2smw/

1 INTRODUCTION

The invention of a new drug therapy is a high kakwl-
edge intensive process which lasts often a dozeyeafs
and involves a large number of people from differen
ganisations. Different kinds of knowledge are reeg{l):

ware and IT service industry; etc) the pharmacautius-
try still is exploiting them only in “vertical” se@rios and
almost only as terminology resources and not asviguge
modelling resources (e.g. Gene Ontology in targstoy-
ery; MeDDRA terminology for coding adverse events).

More recently, several vendors have approached the
pharmaceutical industry exploiting very large knesde
networks and offer them either as technology (&gn-
eStruct, BioWisdom SOFIA suite, Cellucidate Ruladb),
or as knowledge repositories (e.g. Ingenuity Paghissis-
tant; GeneGO MetaCore; Biobase Knowledge Library;
GVK Bioscience Biomarker knowledge base), or exploi
them within consultancy services (e.g. BMSystemie L
Biosystems GmbH; BioWisdom).

The Semantic Media Wiki(2) technology allows very
flexible creation of knowledge bases, and collateea
sharing for knowledge, and it comes at no costseise
implementations of wiki exists in biology (e.g. Wgknes,
wikiproteins, wikipathways) having the aim of criegt a
“scientific wiki” having an emphasis more on germson
protein or on “networks”. At the same time, Payas-s
tem(3) enables more systematic community-basedtanno
tion and curation with SBML and SBGN compliance.eTh

Marketing knowledge is needed to put a business in perProject HALO is showing how low-cost highly-scalabl

spective and deliver business plakkedical knowledge is

needed to specify physiopathological processeslvadoin

the diseaseenetic knowledge is needed to identify bio-
markers to stratify the patient8iological knowledge is

needed to identify pathways and molecular entitiespe-
cifically “target” by limiting unexpected adversevemts;

modeling of basic scientific knowledge in biologyutd be
appropriately handled with Semantic MediaWiki (SMW)
System biology scientists have the purpose of tpiali
tively or quantitative modelling the biology andegexually
physiology of human beings, and for this reasonuaeq
knowledge in form of networks, which then are stodi

Chemical knowledge is needed to identify the appropriatequali-quantitatively, therefore would very much dagsing

scaffolds to exploit; and many more. The same taré

the SMW, through their tool of choice, CellDesigder

knowledge types is encountered when one has tkeofas However, at the moment no “bridge” was possiblexploit

proposing new indication for a given compound (€ga-
dribine for Multiple Sclerosis, although originaligevel-
oped for Hairy Cell Leukaemia)

these 2 technologies together.
In this work we describe SBML2SMW: a small plugin
which combines freely available state-of-the-arftvgare

Although semantic technologies have since long gehss from System Biology and open source semantic vekht

the academic stage and are well exploited in tlkistry
(e.g. planning of elevator cablings; aviation ingdyssoft-
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nology in order to:
a) enable semantically enriched, distributed, biomeddic
knowledge acquisition
b) share and reuse knowledge networks
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in the context of the pharmaceutical biomedicaldtlpsis
services.

2 SEMANTIC WIKI: NOT ONLY FRONTEND

Wikis have been rapidly established as collaboeatibol for
sharing information, reducing the burdening of camity
creation to simply filling boxes with content. Sattia wi-
kis are wiki “with an underlying model of the knadge
described in its pages”. Their current exploitatiofiology
has increased rapidly (NETTAB2010 conference) harev
their intrinsic formal power has been rarely repdrtin
depth in the biomedical domain.

Semantic Media Wiki (SMW) is a free extension of -Me
diawiki that adds semantic annotations allowingrefere
the wiki to function as a collaborative databasth\&eman-
tic Web- tagged content. The use of SMW for R&D in
Pharma has already been reported e.g. for the pairpb
self-service portal to compile reports for drugs(d), and in
the “Pfizerpedia”; an internal tool used in Pfier tracking
project, people and knowledge focused on pateotrrim-
tion(6). In our work, we use SMW as core hiomedical
knowledge base, performing both knowledge acqaisiti
and hypothesis generation. Therefore, we do noftusdy

as “front-end” for user content, but also as “back for
sotring and managing relations and entities thaeHaseen
entered in the knowledge base by whatever meanuyging
the SMW import mechanisms and/or the CellDesigmér
ent”)

3 CELLDESIGNER: NOT ONLY CELL
BIOLOGY

CellDesigner is the state-of-the-art structuredydien editor
for drawing gene-regulatory and biochemical netwoilks
intuitive user-interface helps drawing diagrams rioh
graphical representation with personalized dedigtworks
are drawn based on a state transition diagram,oseapby
Kitano and recent version comply with SBGN Prodess
scription Diagram(7). Designed as a stand-aloné, thds
powerful software is however network-aware, anddfure
can connect to several major databases (DBGET, SGI
iHOP, Genome Network Platform, PubMed, Entrez Gene
SABIO-RK) and retrieve models from BioModels.neheT
internal representation format that CellDesignersuis the
standard Systems Biology Markup Language (SBMLhwit
CellDesigner specific annotation section to retsjrecific
information needed for layout and other speciakuiess,
and it has direct integration to the powerful SysteBiol-
ogy Workbench (SBW) for performing quantitative siax
tions of cellular networks. Beyond system biology,
CellDesigner can also be used for modelling sygpaysi-
ology(8) and it is projecting along those linestthae are
exploiting it for improving our formal understandiron

physiopathological proesses and rationalise driggod
ery(1).

Although CellDesigner is publically available, st mot open
source, however through extension tag specificafod
through the API it can be very much extended withie
need of changing the main source code.

In this work, we report the extension of CellDesigmvith
the plugin “SBML2SMW?"” that enables a bidirectiorex-
ploitation of the semantic content of the SMW, atidws
the use of CellDesigner as front-end for enterimgadin
SMW.

4 SBML ONTOLOGY: ENABLING
KNOWLEDGE REUSE

To bridge between the internal data representatiothe
CellDesigner and the Semantic MediaWiki, we haveetie
oped an ontology for the representation of the SBivibw-
ledge models to be stored and reused.

The ontology has been modeled in OWL. It is intemaily
kept small and concise, covering exactly those aspef
SBML models that are intended to be reused by sther
We identified the types of entities, all relatiohstween
these entities and all the plain information neaps$o re-
construct the relevant parts of SBML models. A giegl
representation of the resulting ontology can beeresd
figure 1.

At the core of the ontology are the following fotlasses:
Species, Reaction or Modification. We will descritnese
classes and the properties associated to theseslas fur-
ther detail:

[ Reaction
£ Modification

58 name : string
58 type : string

[ type: string
5§ reversible : boolean
53 fast : Boclean

hasModification

hasModifier
hasProduct hasReactant
=] ReactionParticipant
g charge :int
53 initialAmount : Double
G5 initialConcentration : double

E Species
[Eg name:: string

58 hypothetical : boolean ccies

= Pratein E Gene E brug

Erna

Figure 1: Overview of the SBML-ontology

Species. A species is the top level type of all chem-
ical compounds in a model. The species class has
several subclasses, like Protein, Gene or lon Chan-
nel, which allows a very detailed modeling and
classification of these specieses.
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e ReactionParticipant (Anm: evtl SpeciesAlias,

The users of this plugin should not only be ableise the

aligned to CellDesigner-name): Since the samestore and load functionalities of the plugin conbgle
Species (e.g. a certain protein) can be assodiated transparently, but they also should be given thgodpinity
several reactions, a further abstraction layer beto add and correct information directly in the wiki

tween the Species itself and the reaction it cbntri

utes to has to be introduced. A ReactionParticipanFigure 2 shows the different ways of interactiom wople-
links a species to a certain reaction and assigns mentation supports. The SBML2SMW-plugin operates di

its specific initial amount or initial concentratio
and other reaction-specific properties.

rectly on the SMW backend, but data manipulatioalso
possible via the Webbrowser-based SMW frontend.

» Reaction: The reaction class links a set of species,
its reactants, with another set of species, itglpro We now want to take a closer look on the functinaf

ucts. For each reaction, further information like t
fact if it is reversible or if any modifications the
reaction are in play, can be modeled.

the plugin from the user’s perspective:
Store: The user first designs his model in CellDesigner b
drawing all the important species, interlinkingrthéo mod-

 Madification: A reaction optionally can have one el the reactions taking place with their participat setting
or more associated modifications, e.g. if this reacthe intended properties for all the species amtingdmodi-
tion demands the presence of a catalyst. Such fications to the reactions. Next, he decides wipahts of
modification associates a set of modifiers to thethe whole model are worth storing into SMW and star
modified reaction and contains information aboutwith his colleagues. He selects these parts (ie.species

the type of this modification.

5 SBML2SMW: BIDIRECTIONAL PLUGIN

SBML2SMW enables users of CellDesigner to pergist-a
trary information from a graphical model in Cellgger
and to make it available for other users havingsasdo the
underlying Semantic MediaWiki. This makes it possito
reuse the facts from any model stored by any usemy
other CellDesigner model. To achieve this, we ussper
cies-centric mapping from models stored in SBMLthe
ontology-based representation described in sedtidpsing
this representation, we are not only able to loachplete
models saved by a user back into CellDesignerwaualso
can load context-dependent information, e.g. &l tbac-
tions in the database a certain species particpate The
elements from the ontology-centric representation then
mapped to a SMW representation. Therefore, alktitdies
are mapped to SMW pages, the links between thdg@sn
are stored as semantic links between these papesway,

we preserve the whole semantics of the SBML-ontglog

instance.
Frontend CellDesigner CellDesigner
Semantic Media Wiki $ $
Backend SBML2SMW

Figure 2: Conceptual Architecture

and reactions) in CellDesigner, starts the SBML2SMW
plugin and uses the store function. The selectets o the
model are extracted from the model, translated @VeL
representation and written to the SMW.

Load: If another user starts to create a model in CellDe-
signer, he now has the ability to add a Specideciséd in
CellDesigner, start the plugin and “expand” thiesps.
The plugin accesses the SMW store, finds the slegpe-
cies and retrieves all the stored information,alethe reac-
tions having this species as a reactant or a ptodte plu-

gin loads all these reactions, with all their otheactants
and products and renders them into the CellDesigner
dow, together with all the associations betweemthe

Edit/Delete: Change or delete operations are not supported
by using the plugin. We decided that if informatiomas
stored by any user, it has its legitimation to rima the
database, even if it has been modified in a certadel by
any user. Deletion of facts has to be performedcty on

the corresponding pages in the wiki.

Figure 3 shows the store and load operations itDEsign-

er. Figure 3a) shows a model designed by user Adehe
cided to store a Protein X and a State Transitiead®on

transforming it into another Protein Y.

In Figure 3b) we see how another user B added bR

X to an empty model, and expanded this protein. Gdfere

stored State Transition Reaction is retrieved ftbm data-
base and added to B's model
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Figure 3a) CellDesigner model, X and Y selectedbéo
saved

X
.
rel

Figure 3b) before and after “load” on Protein X

loac

6 CONCLUSIONS AND NEXT STEPS
In this work a free enabling technology is desatibehich

extends the leadinfgee system biology and system physiol-

ogy CellDesigner platform by exploiting bi-direatially the
leading open sourceSemantic Media Wiki technology.

for extensive use of the tool and debugging itdalicase
applications.
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