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In his editorial overview for the 2008 Special Issue on this topic, the late

Jaroslav Stark pointedly noted that systems biology is no longer a niche

pursuit, but a recognized discipline in its own right ‘‘noisily’’ coming of age

[1]. Whilst general underlying principles and basic techniques are now

reasonably well established, we see a progressive shift from ‘‘fishing expedi-

tions’’ through seas of ‘‘omics’’ data towards increasingly more model-driven

research generating verifiable hypotheses that are iteratively tested and

refined across different aggregation levels. In this special issue, we illustrate

this ethos of systems biology at work in various fields through an eclectic

series of articles thematically grouped under ‘‘methods and tools in network

analysis’’, ‘‘emerging and enabling technologies’’, ‘‘microbes in disease and

the environment’’, ‘‘human health and disease’’ and ‘‘synthetic biology’’.

Methods and tools in network analysis
A core paradigm in systems biology is that biological systems are essentially

built of highly coordinated sets of interacting networks across different

scales [2]. Accordingly, biological behaviour can be thus described in terms

of network properties and of their responses to internal and external

perturbations, those being genetic, for example mutations, evolutionary

rearrangement, or external, such as through the addition of chemicals or

environmental changes. Along this line, Ruppin, Papin, de Figueiredo and

Schuster review methods for the genome-scale reconstruction of metabolic

networks — the ‘‘simplest’’ of these biological networks — as well as the

developments in modeling techniques used for the analysis of these net-

works, such as flux balance analysis and elementary flux modes. Game

theoretical methods for studying metabolic networks and co-evolution are

discussed using examples from fermentation and respiration in ATP pro-

duction, regimes of glycolysis and metabolic strategies in biofilms. The

authors highlighted that the integration of omics data of different types into

metabolic models has had much success; yet, refinement and scaling-up

certainly remains a challenge. Cell-specific and tissue-specific studies can

now be performed for those multi-cellular organisms for which metabolic

reconstructions are available, as is already being done for humans. In the

authors’ opinion, significant strides towards the holy grail of generating a

working cell in silico have been made over the past few years.

The traditional way of designing new drugs is to find – either by screening or

through some form of design – a small molecule that binds to an individual

receptor or enzyme. This reductionist approach does not take into account

the dynamic embedding of the receptor or enzyme into the metabolic,

signalling and regulatory networks to which it belongs. As a result, many
abandoned during the drug development process because

get other than that expected. This is especially critical when
spin-off Enantis. compounds are

they act on a tar
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these side effects are detected only at the final stages of

clinical trials or, worse, when the drugs are already avail-

able in the market. Klipp, Wade and Kummer hence

argue for the necessity of a network-based approach to

drug-target prediction. The authors describe how com-

putational systems biology assists quantitative analysis of

biochemical networks for drug-target prediction, focusing

on the networks made of components connected through

physical interactions or biochemical processes. Compre-

hensive lists of various computational tools for systems

biology and drug target databases are followed by strat-

egies for target prediction using: (i) homogeneous protein

interaction networks, (ii) heterogeneous protein inter-

action networks, (iii) signaling networks, and (iv) meta-

bolic networks. The authors conclude with the vision of

systems biology contribution towards personalized medi-

cine by integration of network-oriented research with

individualized information.

Emerging and enabling technologies
Although the modeling of biological systems has an

almost century-long history, its advances and, especially,

its applications to the real world have been limited mostly

by the impossibility of experimentally testing predictions,

due to the lack of enabling technologies. The sheer

technological developments of the past decades have

released part of this bottleneck and have thus spurred

the true coming of an age of modeling in systems biology.

Technology development is thus instrumental for new

advances in the field. Microfluidics, which allows the

manipulation of fluids ranging from micro-liters to

femto-liters, is such an emerging and enabling technology

that quickly penetrates to various areas of life sciences.

Besides significant reduction of sample volumes, the

technology also enhances analytical performance by

shortening the analysis times, increasing sensitivity and

enabling precise manipulation of reagent concentrations

in time and space. Single-cell analysis is one of the areas

where this technology has been most instrumental. Szita,

Polizzi, Jaccard and Baganz describe fascinating possibi-

lities offered by microfluidics systems, like simultaneous

1.5 million PCR reactions, on-line mass spectrometric

analyses, 10-fold increase in sequencing performance,

and integrated devices for single cell gene expression

studies. The authors envisage future developments

towards full on-chip integration of sample processing

and online detection steps, automated cell analysis as

well as ‘‘plug-and-play’’ modular systems for non-experts.

No doubt, there is much to expect from this technology in

coming years.

Microbes in disease and the environment
Despite the availability of effective chemotherapy and

the vaccine, the tubercle bacillus Mycobacterium tubercu-
losis continues to claim more lives than any other patho-

genic bacterium. Recent years have seen increased

incidence of tuberculosis and emergence of drug-resistant
www.sciencedirect.com
strains. Systems biology approaches are expected to deli-

ver insights and new knowledge about interventions that

may enable prevention and improve therapy and vaccines

against this pathogen. Kirschner, Young and Flynn review

the progress made over the past few years in the studies

on global approaches toward identifying comprehensive

responses of both host and bacillus during infection, and

the potential for incorporation of these data into useful

computational systems. Mathematical and computer

models can now be created for probing pathogenesis

mechanisms, host-pathogen interactions at the molecular,

cellular, and tissue level, and assessing therapeutics and

interventions. A major challenge is now to integrate both

host and bacterium data together over both multiple time

and biological scales.

Rölling, Ferrer and Golyshin bring another level of com-

plexity by studying an entire microbial community rather

than a single individual microbe. Microbial communities

are important for production of foods and biomaterials,

waste water treatment, cleaning contaminated soils and

sediments, leaching of minerals and harnessing bio-

energy. Furthermore, microbial communities interact

closely with essentially all higher organisms, including

the human host, and thus play a pivotal role in health and

disease. Molecular microbial ecology strongly contributes

to gaining better insights into the functioning of microbial

communities and their application in biotechnological

processes. Molecular approaches, such as metagenomics,

are being widely applied to characterize microbial com-

munities whilst avoiding the need for culturing, as it is

estimated that 99% of microbes are non-culturable. The

authors describe approaches to integrate the data from

metagenomics and other meta-omics technologies with

biological knowledge to create an integrated picture of

how a microbial community operates. Through modeling

of multispecies genetic and metabolic networks, systems

microbiologists want to understand the flux of material

and information between and within species, and their

response to various perturbations.

Our intestinal tract is colonized since birth by microbes

that have developed intimate relations with the host. The

intestinal tract is the major site where food meets the

body, is converted into metabolites fuelling our cells, and

is scrutinized for the presence of toxic or pathogenic

components. It contains the largest repertoire of immune

functions and is only second to the liver in metabolic

activity. Compromised functionality of the human

intestine has been linked to numerous diseases such as

obesity, metabolic syndrome, diabetes type 2, infections,

cardiovascular and inflammatory intestinal diseases, as

well as mental disorders. In their review, Martins dos

Santos, Müller and de Vos address the recent efforts

to characterize the human gut microbiota by deep meta-

genomic sequencing of several hundreds of intestinal

genomes, as well intense endeavours to uncover the
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transcriptional response of the host and selected microbes

and microbial communities both in animal model systems

and in humans. These developments bring the intestinal

tract in the realm of systems biology, aiming to provide a

solid basis for an integrated view on intestinal function.

They emphasize that the major bottleneck in the process

is no longer the capability to generate data, but the

conceptual and technical methodologies to productively

interpret this ever-expanding amount of information and

thereby generate new hypotheses, gain insights and

translate this knowledge into valuable medical appli-

cations.

Human health and disease
Apoptosis, or programmed cell death, is a normal com-

ponent of the development of multi-cellular organisms.

Cells die in response to a variety of stimuli and during

apoptosis they do so in a controlled and regulated fashion.

This complex process can be described by the dynamic

models of an apoptotic signaling network, integrating the

experimental data from time-lapse microscopy and quan-

titative Western blot analyses. The new trends in this

field, noted by Lavrik, are discovery of new molecules in

the apoptotic pathway using various screening techniques

and studying apoptosis complexes, for example the death

inducing signaling complex or the apoptosome. It is

hoped that systems biology studies will provide new ways

to sensitize cells towards apoptosis and provide improve-

ment of current therapies for cancer treatment.

The circadian clock is a system that regulates the external

day–night cycles in humans, animals, plants, fungi and

cyanobacteria. Circadian clocks in central and peripheral

tissues are involved in the regulation of metabolic and

physiological processes and their impairments are associ-

ated with numerous diseases such as sleep disorders,

depression, cancer, and dementia. The circadian clocks

in multi-cellular organisms are organized as a hierarchy of

many circadian oscillators and are evolutionary conserved.

Susaki, Stelling and Ueda give an overview of recent

progress in constructing artificial circadian clocks as tran-

scriptional and post-transcriptional circuits. They discuss

the rational synthesis of dynamical properties in the

suprachiasmatic nuclei, a central clock tissue of circadian

systems, which they expect will have a remarkable impact

on the system-level understanding of neural circuits

controlling physiological behaviours.

By drawing on the emerging premise of considering the

human body as a highly coordinated set of interacting

networks, Del Sol, Hood, Gallas and Balling address

diseases as perturbations of specific networks. They

emphasize that representation and analysis of the physi-

ology and pathophysiology of biological systems is an

effective way to study their complex behaviour. The

corollary of this assertion is that looking at diseases as a

perturbation of networks could also serve as a conceptual
Current Opinion in Biotechnology 2010, 21:498–501
basis to identify new drug targets and new innovative

therapeutic strategies. They highlight that, despite the

robustness of cellular networks in maintaining their per-

formance against a wide range of perturbations and noise

sources and levels, these networks can exhibit an extreme

fragility towards certain, even seemingly much smaller,

specific perturbations. They describe the effects of dis-

ease-related perturbations on the gene regulatory net-

work landscape, provide a series of examples of such

system-level disease analyses and explore the inter-

relation between different diseases, pin-pointing the

challenges ahead. The points addressed in the review

ultimately aim at underscoring the view that systems

biology is changing the future of medicine, which will

become preventive, predictive, personalized and partici-

pative, a paradigm called P4-medicine.

Synthetic biology
One of the major goals of systems biology is to understand

biological systems in such a way that they can be sub-

sequently re-engineered for new or improved appli-

cations of medical, environmental or industrial

relevance. This is the realm of synthetic biology, which

brings an engineering paradigm to biology by bringing

rigorous design, standardization, and levels of abstraction

that, as much as in physical engineering process, uncouple

the various steps involved in the re-engineering of the

system under study. The increasing scale and sophisti-

cation of – true – genetic engineering warrants the gener-

ation of new, powerful computer-aided design methods.

In their analysis, Clancy and Voigt pin-point the major

needs in this specific field, highlighting that, for large

genetic programs, keeping track of the DNA on the level

of nucleotides becomes tedious and error prone. To push

the size of projects, it is important to abstract the designer

from the process of part selection and optimization. Their

vision is to specify genetic programs in a higher-level

language, which a genetic compiler could automatically

convert into a DNA sequence. Building upon the sheer

developments in the field, they envisage a roadmap

towards this goal that includes: (i) defining the semantics

of the higher level language, (ii) algorithms to select and

assemble parts, and (iii) biophysical methods to link DNA

sequence to function. These will be coupled to graphic

design interfaces and simulation packages to aid in the

prediction of program dynamics, optimize genes, and scan

projects for errors. Such a compiler and related develop-

ments would be paramount for the scaling up of processes

such as those pioneered by Venter, Hamilton, Gibson and

co-workers for the synthesis of entire genomes [3], which

are the basis for the rational design of microorganisms and

genome-scale cellular re-programming á la carte.

The ethos of systems biology
Whilst certainly not covering all aspects of importance

within the realm of systems biology, collectively, we

believe that the articles herein presented illustrate and
www.sciencedirect.com

http://dx.doi.org/10.1016/j.copbio.2010.07.001
http://dx.doi.org/10.1016/j.copbio.2010.07.011
http://dx.doi.org/10.1016/j.copbio.2010.07.010
http://dx.doi.org/10.1016/j.copbio.2010.07.005


Editorial overview dos Santos and Damborsky 501
underscore the mind-set and principles underlying this

field, and pin-point crucial undergoing and future chal-

lenges and developments. In addition to the iterative

cycle between model-driven experimentation and exper-

iment-driven model development, the ethos of systems

biology entails — and absolutely requires — a smooth

and truly collaborative effort between so-called wet-

lab and dry-lab researchers. Whilst easily said, practice

shows that this remains often an unfulfilled promise.

Entrenched language barriers in the various disciplines,

traditional mind-sets dressed in systems biology clothes,

the ‘‘hype-effect’’ and fund-raising pressure at any cost

are often the unintended culprits for the failure of
www.sciencedirect.com
implementing true systems biology practices. We hope

that this issue contributes to the dissemination of this

ethos and that the readers will find it interesting and

stimulating.
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