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The papers selected for this section
describe important topics of Bioinfor-
matics. Methods of Molecular Biology
are important for the future of Medicine.
Therefore, methods of computer science,
e.g.databasesystems, informationsystems
andanalysistools, havetobedevelopedand
implemented. InGermany, the Ministry of
Science recently started new programs to
build Bioinformatic Centresatfiveuniversi-
ties and five research centres. The main
reason to support this new research topic is
the fact that the exponential growth of
molecular data can only be handled using
methodsofcomputerscience. Theselected
five papers in this section of the Yearbook
2002 demonstrate the current situation of
theelectronicalinfrastructureof Molecular
Biology. The paper by Berman et al.
describes the Protein Data Bank (PDB).
Today more than 300 molecular databases
are available via the Internet and PDB
represents the knowledge of analysed
proteins. Database systems that represent
information about genes, gene regulation
processes, metabolic reactions, enzymes,
signal pathways etc. also exist. Beyond
molecular database systems, different
information systemsareavailablethatalso
allow information fusion to solve specific
questions and problems. In this sense, the
paper by Kolaskar and Naik shows an
informationsystemfor identifyingviruses.
All these database systems only represent
molecular data selected from published
experimental results. For future aspects,
modellingandsimulationmustbeintegrated
andwillhelpanalysethemolecularmecha-
nisms. Data modelling is one important
aspect addressed by Paton et al.. Their
paper presents a collection of data models
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for genomic data. However, to understand
themetabolic behaviour of cell simulation,
tools for metabolic processes have to be
implemented. Rzhetsky et al. present a
newmodelfortheanalysisofgenecontrolled
metabolic networks. Modelling and
simulation is the backbone for the
implementation of the virtual cell. We are
far from implementing the first version of
this vision today. However, one important
application of Bioinformatics is Medicine.
The last paper, by Miller, represents a
current discussion of the future of
Bioinformatics inthe field of Health Infor-
matics. Thispaperisbasedonapresentation
made to the Symposium of the American
College of Medical Informatics in 2000.

Bioinformatics

Based onthe Human Genome Project,
the new interdisciplinary subject of
Bioinformaticshasbecomeanimportant
research topic during the last decade.
Methods of Molecular Biology allow
automatic sequencing and synthesis of
nucleic and amino acids. Based on this
technology robotsabletosequencesmall
genomes in one month's time are devel-
oped. Theautomaticassemblyandanno-
tation of the sequence data can only be
done using methods of computer science.
This is one of the main reasons for the
success of this new research topic.
Today, beside the genome and protein
sequence data, a new domain of data is
arising—the so-called proteomicproject,
whichallowstheidentification of protein
profiles. The molecular data is stored in
database systemsavailable viathe Inter-

net. Based onthatdata, differentquestions
can be solved by implementing specific
analysis tools. Regarding the DNA
sequence, we are looking for tools that
will predict DNA-functional units. Today,
we call thistopic "From the Sequence to
the Function” or "Post Genomics". The
mainapplicationareaofthisnewresearch
topicisMolecular Medicine. Therefore,
Bioinformatics has also become an
important topic of Medical Informatics.
Regarding current definitions of
Bioinformatics, we can see two different
views: The German definition of
Bioinformaticsisaglobal definition.Onthe
one hand, the application of the methods
and concepts of computer science in
biology represent the main focus. This is
also the common definition. On the other
hand, looking onto the history of computer
science, we can identify important
innovations coming from the analysis of
molecular mechanisms. Regarding this
aspect, we can distinguish between direct
andindirectinnovations. Theimplementa-
tion of neuronal networks, genetic algo-
rithms or DNA Computing methodstry to
solve severe problems using molecular
mechanisms. We can call this research
topicthebiological paradigm of computing.
Moreover, thedefinitionofformal systems,
likethecellularautomaton (J.v.Neumann),
thefinite state automaton (H. Kleene) or L-
systems (A. Lindenmayer), isbased onthe
ideaofthe implementation ofanalysistools
formodelling neural networks.

The common definition of Bioinfor-
maticsaddressestheapplicationofmethods
and concepts of computer science in the
field ofbiology. Bioinformatics currently
stresses three main topics. Thefirstmajor
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topic is sequence analysis or genome
informatics. Itsbasic tasksare: assembling
sequence fragments, automaticannotation,
and implementation of database systems,
like EMBL, TRANSFAC, PIR,
GENBANK, KEGG etc.. The sequence
alignmentproblemstill representsthekernel
of sequence analysis tools. Their
development and implementation repre-
sents the second aspect of sequence
analysis. Nevertheless, sequence analysis
isnotanewtopic. Itwas, andstill is, atopic
of Theoretical Biology or Computational
Biology. Protein Designisthesecondcurrent
major research topic of Bioinformatics.
The first task is to implement specific
database systems that represent knowl-
edge about the proteins. Today many dif-
ferent systems, like PIR or SWISSPROT,
areavailable. Themainideaofthistopicstill
istodevelopandimplementamodel, that
will allow the automatic calculation of
the 3D structure, including the prediction
ofthemolecularbehaviour ofthisprotein.
Until now, molecular modellinghasbeen
unsuccessful. Proteindesignisalsonota
new research topic. Its roots can be
found in Biophysics, Pharmaco Kinetics
and Theoretical Biology. Thethird current
major Bioinformatics topic is Metabolic
Engineering,whichwasdefinedbyJ. Bailey.
Itsgoalistoanalyzeandsynthesizemetabolic
processes. Thebasicmolecularinformation
ofmetabolic pathwaysisstored indatabase
systems, like KEGG, WIT, etc.. Models
and specific algorithms, based on the
molecularknowledgerepresentedbythese
database and information systems, allow
theimplementation ofanalysistools.

Prospects for the future -
Virtual Cell

The idea of Metabolic Engineering
represents the basic idea of the Virtual
Cell. Using molecular data and mole-
cularknowledge, the implementation of
specific models allows the implementa-
tion of simulation tools. Behind the
algorithmic analysis of molecular data,
modelling and simulation methods and

conceptsallowtheanalysisand synthesis
of complex gene controlled metabolic
networks. The current and available
knowledgeanddataof Molecular Biology
is still rudimentary. Furthermore, the
experimental dataavailable inmolecular
databases have a high error rate, while
biological knowledge has a high rate of
uncertainty. Therefore, only modelling
and simulation methods will suffice to
discussarisingimportantquestions. Such
formal descriptions canbe usedtospecify
ofasimulationenvironment. Therefore,
modelling and simulation can be
interpreted as the basic step for
implementing virtual worlds that allow
virtual experiments.

The papers of this section show parts
of the electronic infrastructure of
Molecular Biology andthe application of
molecular data to model and simulate
metabolic processes. The concepts
availableinliteratureare based onspecific
guestions, such as the gene regulation
process phenomena, or the biochemical
process control. To solve current
questions, wemustimplementintegrative
modelswhich can be used to implement
the virtual cell. If we take a look at the
Internet, we can see that only online
representations of cellular illustrations,
taken directly from books, are available
today (http:/Avww.life. uiuc.edu/plantbio/
cell/). The state of the art methods and
concepts for the implementation of a
virtual cell have been documented by the
seminarsorganizedat Dagstuhl, including
asummerschool focusingon: Modelling
and Simulation of Gene Regulation and
Metabolic Pathways
- http://www-bm.cs.uni-magdeburg.

de/iti_bm/ibss/

http://www-bm.cs.uni-magdeburg.
de/iti_bm/dagstuhl/
http://www-bm.cs.uni-magdeburg.
de/iti_bm/dagstuhl2001/

Based on these events, MIT Press will
publish a book by the end of 2001. One
chapterofthisbookwillincludeadescription
of M. Tomita's E-Cell system, which
represents the first implementation of the
virtual cell. His work represents a specific

softwaresolutionandcannotbeusedglobally
(www.e-cell.org). Many new virtual cell
projects are following the E-Cell project.
However, itwilltakemuchtimetoimplement
a useful and powerful virtual cell.
Rudimentary knowledge is one problem
confronting the implementation of such
systems. Furthermore, dataand information
are still missing. We are not yet able to
understand the quantitative behaviour of
simple metabolic processes.

Benefits

Bioinformatics will present the
electronical infrastructure of Molecular
Biology and will support drug design,
moleculardiagnosisandgenetherapy. Based
onmolecularmethods, modellingtoolswill
be implemented that allow computer-
supporteddesignofnewdrugs. Information
systems, in combination with methods of
artificialintelligence, will supportmolecular
diseases detection. Therefore, first
information and expert systems for the
detection of metabolic diseases as well as
toolsfortheanalysisofgenotype/phenotype
correlations have already been implemen-
ted. Diagnosis and therapy of metabolic
diseases will be supported by database
systems, knowledge based systems and
molecular expert systems. Therefore, it is
important to integrate Bioinformatics into
the Medical Informaticscurriculum. Thus,
the future of Molecular Medicine is
correlated with the future of Molecular
Biology. Genetherapyisonlyoneexample,
thatdemonstratesthatmethodsof Bioinfor-
matics are important. On the one hand, the
analysis of all genes is supported by
Bioinformatics methods. Ontheotherhand,
gene therapy is based on the idea of gene
transfer methods. The molecular effect of
the transfer of one or more genes into
another organism must be tested and
simulated using Bioinformatics methods,
which allow the implementation of
hypothetical worlds. The first task is to
understandthegeneregulatorymechanism,
while the second task is to control the
molecular effect of the gene product. The
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later can be discussed using the molecular
informationstoredinthemoleculardatabase
systems. ldentification of negative side
effectscanonlyoccurwithhelpofavailable
molecular data from different database
systems, usedincombinationwithmodelling
andsimulationmethods. Besidethisscientific
approach, simple methods of information
fusion of molecular data can be used and
implementedinmodernhealthcaresystems
today. These tools will support expert
systemsorsimpleinformationsystems, that
areabletomonitor patientdata, forexample
a specific drug therapy.

Barriers

Bioinformatics methods in use are
database systems, information systems,
analysis tools, modelling, and simulation.
Evaluation processes of molecular data-
base systems show that most database
systems represent much incorrect and/or
junk data. The mistakesare caused by false
experimental and/or published data.
Moreover, the copy process from the
selected paperstothedatabaseentry, which
isdone by humans, also showsahigh error
rate. However, there are many scientists
saying that most of the molecular database
systemsrepresentjunk data. Althougsome
tests have shown that the error rate is very
high, itwillnotbeeasytosolvethisproblem
in the future. Until now no efforts to
implement software tools, that will reduce
this error rate can be seen in the area of
Bioinformatics. Another problemisthatwe
arenotable toimplementanalysistools for
many of the open questions. We need clear
definitions and specifications to develop
analysistools. Thisisnotthecaseinthefield
of Biology. For example the fundamental
term ,,homology of sequences® has
hundreds of definitions. For this reason, so
many differentalignmentalgorithmsexist.
The other reason is the high complexity of
time and space of most of these problems.
Complexity is the main argument against
theimplementationofthevirtual cellwithin
the nextdecades. Finally, the mainbarriers
come directly from Molecular Biology.

Today, it seems as though we will never
understand basic molecular mechanisms,
such as the fundamental process of gene
regulation.

Prospects for the near future

Information systems for scientists,
patients and doctors, to represent the basic
knowledge of Molecular Biology are
available already. Moreover, their data is
growing exponentially. Today, molecular
dataisavailable viathe Internetand can be
usedtosupporttherapy, diagnosisanddrug
design. Themoleculardiagnosisofmetabolic
diseases is a current research topic.
Thousandsofmetabolicdiseasesareknown
and about 500 relevant inborn errors are
discussedintheliterature. Basedonmedical
data of inborn errors, the German Human
GenomeProjectinitiatedaproject, todiscuss
theactual benefitsof molecularinformation
fusion in combination with modelling and
simulation methods. Databases such as
METAGENE, KEGG, TRANSFAC and
MDcCavewillbeintegratedintothisproject.
Using gene regulation and metabolic
processes modelling, the analysis process
will be supported. This running project
showsthatgenotype/phenotypecorrelations
can be identified using current molecular
data and knowledge.
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www-glossary

EMBL - Gene sequences
http://www.ebi.ac.uk/ebi_docs/embl_db/
ebi/topembl.html

GEPASI - Biochemical simulation
http://gepasi.dbs.aber.ac.uk/softw/gepasi.html

KEGG - Metabolic pathways
http://genome.ad.jp

GENBANK - Gene sequences
http://www.ncbi.nlm.nih.gov/Web/
Genbank/index.html

HGMD - Human Gene Mutation Database
http://archive.uwcm.ac.uk/uwcm/mg/
hgmd0.html

Matlnspector — Promoter detection
http://genomatix.gsf.de

MDCave — Molecular data of inborn errors
http://mdcave.genophen.de

METAGENE - Medical data of inborn errors
http://www.metagene.de

OMIM -0nline Mendelian Inheritance in Man
http://www.ncbi.nlm.nih.gov/Omim/

PIR - Protein information
http://pir.georgetown.edu/

PDB - Protein Data Bank
http://www.rcsb.org/pdb/

SRS - Database integration
http://srs6.ebi.ac.uk

SWISSPROT - Protein information
http://www.expasy.ch/sprot/

TRANSFAC - Gene regulation
http://transfac.gbf.de/

WIT - Metabolic pathways
http://wit.mcs.anl.gov/WIT2/
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