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Introduction 
With the human genome sequence available and with an exponentially growing number 
of completely sequenced genomes from various model organisms, the research paradigm 
is shifted towards the analysis of the function of interacting genes and gene-product. The 
reduced estimate of 30,000-40,000 genes in the human genome strongly indicates that 
the functional complexity expected for an organism such as human may originate in 
locations and processes beyond the identified genes. Functional genomics emerges as 
valuable research area for the identification of key-players in the complex processes 
within a living organism. It is complemented by Systems Biology [7,103,104], a new 
research area that combines data obtained from Functional Genomics analysis with 
biocomputation and simulation of cellular networks. Both Functional Genomics and 
Systems Biology outline the analysis, prediction and control of complex biological 
systems. 

Highlights 
Systems biology has been the common thread that covers the specific research topics of 
the conference. High-throughput identification of cellular component, their individual 
function and interaction with other components on the one hand as well as prediction and 
inferences of networks on the other hand cover two important areas within Systems 
Biology. In the following, representative examples of presentations with respect to a 
system biological research approach will be presented. 

gighlights - Computational Systems Biology 
M Thompson (Protein Pathways, Los Angeles, CA, USA) introduced several 
computational techniques to annotate and reconstruct pathways within genomes [8]. 
These techniques exploit comparative genomics data as well as expression and literature 
data. Predictive methods based on genomic context information, such as phylogenetic 
profilesko-occurrence of genes in genomes, conservation of local gene neighborhood 
and gene-fusion events as well as validative methods utilizing literature information are 
employed to identify protein functional links. Protein functional links, i.e., protein- 
protein interactions, protein complexes or enzyme members in subsequent steps of 
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pathways then serve as building-blocks for protein functional networks, i.e., inferred 
completely connected networks that assemble an upper estimate of a cellular network. 
Thompson has shown that protein functional networks aid in the annotation of 
unannotated genes as well as help in finding missing genes by identifying linkages with 
proteins that themselves link to alternative steps in a pathway. A database of interacting 
proteins based on experimental data has been established and is publicly accessible [ 1011. 
A step further into prediction of particular pathways from a given metabolic network has 
been pursuit by BO Palsson (Genomatica and University of California, San Diego, CA, 
USA). Although Palsson was unable to attend the conference his research covers the 
identification of particular pathways within a metabolic networks with maximum 
metabolic flux [ 101. By a linear algebra approach combined with combinatorics, extreme 
pathways, i.e., pathways with the maximal stationary throughput of metabolites are 
identified. Palsson and coworkers are able to identify and predict different metabolic 
phenotypes based on environmental and nutritional constraints [ 11. 
CV Forst (Los Alamos National Laboratory, Los Alamos, NM, USA) developed a 
method, Comparative Network Genomics, for comparative analysis of cellular networks. 
This approach combines network connectivity information with sequence information of 
the cellular components involved [2]. Interesting aspect of this method is the 
identifications of similar pathways between organisms and the relationship with operon 

. organization in microbial genomes. By Comparative Network Genomics between closely 
related pathogens specific, metabolic host-pathogen interactions can be identified [3]. 

Highlights - Functional Proteomics 
Parallel to computational/theoretical efforts towards Systems Biology, experimental 
techniques emerge that provide high-throughput data for the analysis of biological 
systems. New developments include combination of biochemical assays with DNA- 
array chips or novel protein array techniques. A particular interesting approach has been 
presented by M Snyder (Yale University, School of Medicine, Newhaven, CT, USA). 
Synder and coworkers developed a method to identify transcription factors (TFs) and 
their binding sites and to characterize the biochemical activities of the TFs in a yeast 
model on genomic scale. To identify TF targets Snyder et al. combined chromatin 
immunoprecipitation (ChIP) with microarray hybridization [6]. For the cell-cycle TF 
Swi4, Snyder identified 163 intergenic regions and 18 1 potential gene targets. 
Biochemical properties of gene-product are then analyzed by protein chips. Snyder 
outlined the benefit of protein chips by their capabilities to identify protein function, to 
track protein modification and regulation and for drug discovery. He also discussed 
limitations of protein array due to problems in the generation of high-quality expression 
clones. He also identified bottlenecks in the making of a sufficient amounts of proteins 
for the chips as well as in the array technology itself. 
Also worthwhile to mention are presentations with respect to alternative splicing. WS 
Agnew (Johns Hopkins University, School of Medicine, Baltimore, MA, USA) discussed 
combinatorial problems that arise in the analysis of alternative spliced genes. In the case 
of an inositol-l,4,5-triphosphate receptor, a 63 exon gene, 19 different splice variants 
have been identified. C Case (Sangamo Biosciences, Richmond, CA, USA) presented a 
method to control endogenous genes expression and study alternative splicing by 
engineered transcription factors. Designed Zinc finger proteins are employed to activate 
and repress specific chromosomal loci in a broad range of cells, animals and plants. None 
of the latter two cases are capable for high-throughput analysis though. 



Highlights - Systems Biology 
A strategy for visualization of biochemical networks in living cells has been presented by 
SW Michnick (Universite de Montreal, Montreal, QC, Canada). This strategy is based 
on Protein fragment Complementation Assays (PCA) [9] and allows quantitative probing 
of constitutive or induced protein-protein interactions in living cells. In PCA, designed 
fragments of an enzyme are fused to two interacting proteins. When the interacting 
proteins come together in space the fragments foldreassemble into an active form, whose 
activity can be monitored time-resolved and in different subcellular locations. Michnick 
and coworkers applied this technique to identify signaling networks and to establish 
pharmacological profiles by differential screens of different inhibitors [I  13. Michnick 
outlined that in combination with knowledge systems such as the Gene Ontology 
Consortium [4,102] his approach can be applied to derive models of cellular pathways 
and to identify functions of novel genes. 
A highly enjoyable and top-notch presentation has been performed by D Lewin 
(CuraGen, New Haven, CT). CuraGen's approach in target discovery takes full 
advantage of Systems Biology [ 5 ] .  With CuraGen's proprietary platform "GeneScape" 
integrative drug discovery is facilitated by a combination of sequencing, transcription 
profiling, SNP genotyping and pathway knowledge/analysis. On computational aspects, 
CuraGen's Pathcalling System for pathway prediction and utilization strives on 
metabolic network data as well as protein interaction data. The latter has been assembled 
from yeast two-hybrid screens as well as from literature. Apparently, CuraGen pursues 
the generation of a human protein interaction map. Cooperate interests of CuraGen cover 
various therapeutic targets including obesity and cancer. Lewin demonstrated the 
causative relationship between human papillomavirus infection and development of 
cervical cancer by employing CuraGen's GeneScape System. 

Highlights - Summary 
Regulation of alternative spicing is still in an early stage of research. 
After resolving technological bottlenecks, protein-chips will serve as valuable high- 
throughput techniques for fast and parallel analysis of protein function, protein 
modification and regulation as well as for drug discovery. 
"Intelligent" experimental strategies are capable to identify and visualize cellular 
networks in living cells. 
Knowledge of cellular networks provide information for new and more sophisticated 
drug targets. Emphasize is laid on high-throughput identification of interactions 
between cellular components as building-blocks for the reconstruction of cellular 
networks. 
Systems Biology serves as a new paradigm for system wide analysis of biological 
systems. 

Expert opinion and Outlook 
There is no doubt that Systems Biology will become of increasingly importance for the 
analysis of complex pharmacological scenarios. No longer one can focus on one gene one 
phenotype problems ignoring important interactions with other components of the 
biological system. It has been impressively shown by some speakers that Systems 
Biological approaches are not only necessary but provide essential insights for 



accelerated drug discovery. Successful techniques combine both experimental data from 
various sources such as gene-expression profiles, proteomic data, SNP genotyping 
analysis and phenotypic profiling with theoretical and biocomputational methods such as 
gene-context analysis and protein interaction analysis, maximal flux analysis and 
comparative network genomics. Interdisciplinary research that include the full spectrum 
from discrete mathematics and graph theory to cell biology and pharmacology is 
essential in this new discipline of functional genomics/systems biology. 
The advent of post-genomic research and the exponentially growing number of 
completely sequenced genomes suggests a driving need and opportunity for the use of 
such combined experimental and theoreticallcomputational strategies. Hierarchical 
approaches that extend the long prolonged one-gene one-phenotype paradigm towards 
general gene networks will become increasingly important. In the sense of Systems 
Biology the initial steps of the assembly of a parts list of an organism by whole genome 
sequencing efforts will be accompanied by whole-organism, high-throughput methods 
such as DNA or protein-chip arrays. Further steps into a system wide analysis of 
biological systems are the identification of interactions between components of the parts 
list and the (re)construction of biological networks. 
Future challenges of pharmacogenomics will include not only the discovery of 
components and functional relationships but also a predictive, hypothesis driven 
approach for faster, cheaper and more accurate drug design. Such a strategy would 
essentially rely on the recruitment of novel theoretical approaches and massive 
computational power. Prerequisites for this endeavor not only include the identification 
of components and their interactions but also the accurately determination of parameters 
for further modeling and simulation of such complex biological systems. This need 
would translate in the development of high-throughput measurements of biochemical 
properties and parameters such as kinetic rate constants, binding and dissociation 
constants, response rates for various types of cellular components and for inter-cellular 
interaction. Having such a modelinglsimulation capability in place one future perspective 
could be the systems analysis of the microbial ecology in the human gastro-intestinal 
tract. The identification of specific systems, such as quorum sensing, that triggers a toxic 
reaction of otherwise harmless microbes, the analysis of specific host-pathogen 
interactions and the response to drug treatment is a challenging research area for the 
future. A farfetched and speculative viewpoint but nevertheless critical milestone for 
pharmacology and the development of novel therapeutics would ensemble a "virtual 
human", a model system for predictive analysis of drug responses under changing 
physiological conditions. Although such a "virtual human" may still be science fiction for 
an extended time, pharmacogenomics and Systems Biology show the potential for such 
new and exciting developments. 
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