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Research statements 
NISB-PIs describe the interests and expertises of their NISB research groups. 
 
 

NISB Principal Investigators 
 
Centrum Wiskunde & Informatica (CWI) 
[National Research Institute for Mathematics and Computer Science] 

1. Drs Joke Blom 
2. Dr Frank Bruggeman 
3. Dr Gunnar Klau 
4. Dr Roeland Merks 

5. Prof. Dr Ir Jan van Schuppen* 
 
University of Amsterdam (UvA) 
6. Prof. Dr Stanley Brul 
7. Prof. Dr Wim Crielaard* 
8. Prof. Dr Roel van Driel 
9. Prof. Dr Dorus Gadella 
10. Prof. Dr Klaas Hellingwerf 
11. Prof. Dr Age Smilde 
12. Prof. Dr Joost Teixeira-de-Mattos* 
 
VU University Amsterdam (VU) 

13. Dr Ir Bert de Boer* 

14. Prof. Dr Rienk van Grondelle* 
15. Prof. Dr Mathisca de Gunst* 
16. Prof. Dr Jaap Heringa 
17. Prof. Dr Hubertus Irth* 
18. Dr Jan Lankelma* 
19. Prof. Dr Martine Smit 
20. Prof. Dr Guus Smit* 
21. Prof. Dr Nico Straalen* 
22. Prof. Dr Bas Teusink 
23. Prof. Dr Matthijs Verhage* 
24. Prof. Dr Hans Westerhoff 
25. Dr Ir Gijs J.L Wuite 
 

Notes: 
- The research statements on the following pages are alphabetically listed according to the PI’s surname. 
- Description of research interest and publications for PIs marked with an asterix* will be added in due time. 
 
 
Journal: 
20091028 Van Driel compiled the research statements received from 19 NISB-PIs who are involved in the CSBR proposal (NoL). 
20100804 Van Rossum re-compiled research statements from the remaining  25 NISB-PIs (excluding AMOLF), insert  the 14 

statements dd 20091028 and add portraits and contact information. 
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NISB research group  

Scientific Computing for Systems Biology 
 
NISB PI 

Drs Joke G. Blom 
 
NISB Associate-PIs 

- 
 
Contact 

T +31-20-592 4263; E joke.blom@cwi.nl; I www.cwi.nl. 
 
Address 

Centrum Wiskunde & Informatica (CWI) 

Life Sciences Group 
Science Park 123, 1098XG Amsterdam 
 
Research interest 

We focus on mathematical problems in the life sciences, in particular biology and medicine. The work is done 
in close cooperation with groups working in cell-, neuro- and microbiology. The mathematical research 
includes multiscale modelling, analytical and numerical topics (diffusion-reaction systems at the macroscopic 
and mesoscopic level, hybrid ODE/PDE systems), and parameter estimation (parameter identification, model 
discrimination and optimal experimental design). Current projects deal with mesoscopic reaction-diffusion 
modelling of the phosphotransferase (PTS) system, two-component signalling systems, and parameter 
estimation and experimental design for G-protein coupled receptor signalling. All these projects derive 
mathematical theory and methods while working on the actual biological applications.  
 
Five selected publications 
1. Ashyraliyev, M., Y. Fomekong-Nanfack, J A. Kaandorp, J.G. Blom. 2009. Systems biology: Parameter 

estimation for biochemical models, FEBS Journal, 276:886-902. 
2. Dobrzyński, M., J. Vidal Rodríguez, J.A. Kaandorp, J.G. Blom. 2007. Computational methods for 

diffusion-influenced biochemical reactions. Bioinformatics, 23:15:1969-1977. 
3. M. Ashyraliyev. 2009. Modelling, Simulation, and Inferring Regulatory Networks. PhD thesis, University 

of Amsterdam, Korteweg-de Vries Institute for Mathematics. 
4. Francke, C., P.W. Postma, H.V. Westerhoff, J.G. Blom, M.A. Peletier. 2003. Why the 

phosphotransferase system of Escherichia coli escapes diffusion limitation. Biophysical Journal, 
85(1):612-622. 

5. Ashyraliyev, M., J. Jaeger, J.G. Blom. 2008. On parameter estimation and determinability for Drosophila 
gap gene circuits. BMC Systems Biology, 2:83. 

 

  

mailto:joke.blom@cwi.nl
http://www.cwi.nl/
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NISB research group  

14-3-3 Signalling group 
 
NISB PI 

Dr Ir Bert  de Boer 
 
NISB Associate-PIs 

- 
 
Contact 

T +31-20-598 7612; E bert.de.boer@falw.vu.nl; I www.falw.vu.nl 
 
Address 

Department of Structural Biology, Faculty of Earth and Life Sciences (FALW) 

VU University Amsterdam (VU) 
De Boelelaan 1085, 1081HV Amsterdam 
 
Research interest 

<> 
 
Five selected publications 

<> 
 
  

mailto:bert.de.boer@falw.vu.nl
http://www.falw.vu.nl/
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NISB research group  

Regulatory Networks Group 
 
NISB PI 

Dr Frank J. Bruggeman 
 
NISB aPIs (associated) 

- 
 
Contact 

T +31-20-592 4077; E frank.bruggeman@sysbio.nl; I homepages.cwi.nl/~bruggema 
 
Address 

Systems Biology of Molecular Regulatory Networks (NISB Junior Group), Life Sciences, Centre for 

Mathematics and Computer Science, 
Science Park 123, 1098XG Amsterdam 
 
Research interest 

The research in this group is focusing on: (i) theory and model development for single-cell gene expression 
(mammalian genes, transcriptional bursts, noise, transcriptional cycling, and gene input-output 
characterization), (ii) development of a flexible mathematical framework for constraint-based modeling of 
microbial ecosystems, and (iii) constraints, trade-offs and optimization of molecular networks.  All three 
projects are tightly integrated with groups in NISB, i.e. Dr P Verschure, Dr W Roling, Dr L Stougie, Dr B 
Teusink and Dr H Westerhoff.    
 
Five selected publications 

1. Bruggeman, F.J., N. Bluthgen, and H.V. Westerhoff. 2009. Noise management by molecular networks. 

PLoS Comput Biol. 5:e1000506. 
2. Bruggeman, F.J., J.L. Snoep, and H.V. Westerhoff. 2008. Control, responses and modularity of cellular 

regulatory networks: a control analysis perspective. IET Syst Biol. 2:397. 
3. Bruggeman, F.J., and H.V. Westerhoff. 2007. The nature of systems biology. Trends Microbiol. 15:45-50. 
4. Degenhardt, T., K.N. Rybakova, A. Tomaszewska, M.J. Mone, H.V. Westerhoff, F.J. Bruggeman, and C. 

Carlberg. 2009. Population-level transcription cycles derive from stochastic timing of single-cell 
transcription. Cell. 138:489-501. 

5. Dobrzynski, M., and F.J. Bruggeman. 2009. Elongation dynamics shape bursty transcription and 
translation. Proc Natl Acad Sci U S A. 106:2583-8. 

 
 
  

mailto:frank.bruggeman@sysbio.nl
http://homepages.cwi.nl/~bruggema
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NISB research group  

Molecular Biology and Microbial Food Safety 
 
NISB PI 

Prof. Dr Stanley Brul 
 
NISB aPIs (associated) 

Dr. Gertien Smits, Dr. Frans Klis 
 
Contact 

T +31-20-525 7079; E s.brul@uva.nl; I www.science.uva.nl/sils/mbmfs 
 
Address 

Molecular Biology and Microbial Food Safety, Swammerdam Institute for Life Sciences (SILS), Faculty of 

Science (FNWI), University of Amsterdam 
Science Park 904, 1098XH Amsterdam 
 
Research interest 

Microorganisms are extremely versatile in adapting to adverse environmental conditions. Thus they are well 
equipped to try to survive food preservation conditions and thereby noxious bacteria and fungi may pose a 
severe risk for consumer safety. Equally so microbes are able to adapt themselves once they are in contact 
with their natural host such that survival and growth (infection) can result. The sequencing of the full genome 
of many food spoilage and pathogenic microorganisms opened the way to rationally probe the microbial 
response to infection related stress conditions using genome wide approaches. The challenge is to analyze 
this response and identify physiologically important regulatory control points useful for therapeutic 
intervention. 
Our group has as research theme the molecular systems biology of microbial food safety and microbial 

infections. We focus on responses to weak-organic acids, a class of common food preservatives, as well as 
compounds present in many body cavities where infection can take place. In addition we study the 
responses to elevated temperatures and anti-fungal agents used in medicine and the animal health sector. 
Our studies are performed under well defined culture conditions in the single cell model yeast 
Saccharomyces cerevisiae, pathogenic Candida albicans as well as prokaryotic unwanted food borne 
bacteria (Bacillus subtilis and Escherichia coli). The integration of the molecular and physiological tests 
including the analysis of intracellular pH and reactive oxygen species (ROS) using in vivo and in situ tools, 
provides an integrated ‗fingerprint‘ of stress response at all levels of cellular functioning. Our ambition is to 
derive from this data predictive models for microbial stress survival in the host and targets for vaccine 
development as well as predictive models for microbial stress survival in the food chain. The latter is aimed 
at the generation of more robustness models for the prevention of food borne infection. 
 
Five selected publications 

1. Klis, F.M., Sosinska, G.J., de Groot, P.W. & Brul, S. 2009 Covalently linked cell wall proteins of Candida 
albicans and their role in fitness and virulence. FEMS Yeast Research 9: 1013-1028. 

2. Orij, R., Postmus, J., TerBeek, A., Brul, S. & Smits, G.J. 2009. In vivo measurement of cytosolic and 
mitochondrial pH using a pH-sensitive GFP derivative in Saccharomyces cerevisiae reveals a relation 
between intracellular pH and growth. Microbiol. 155: 268-278. 

3. Postmus, J., Canelas, A.B., Bouwman, J., Bakker, B.M., Gulik, W. van, Teixeira De Mattos, M.J., Brul, S. 
& Smits, G.J. 2008. Quantitative analysis of the high temperature-induced glycolytic flux increase in 
Saccharomyces cerevisiae reveals dominant metabolic regulation. J. Biol. Chem. 283: 23524-23532. 

4. Beek, A. ter, Keijser, B.J.F., Boorsma, A., Zakrzewska, A., Orij, R., Smits, G.J. & Brul, S. 2008. 
Transcriptome analysis of sorbic acid-stressed Bacillus subtilis reveals a nutrient limitation response and 
indicates plasma membrane remodeling. J. Bacteriol.: 190, 1751-1761. 

5. Keijser, B.J.F., Ter Beek, A., Rauwerda, H., Schuren, F., Montijn, R., van der Spek, H. and Brul,  S. 
2007. Analysis of temporal gene expression during Bacillus subtilis spore germination and outgrowth. J. 

Bacteriol.:189, 3624-3634.  

mailto:s.brul@uva.nl
http://www.science.uva.nl/sils/mbmfs
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NISB research group  

Oral microbiology 
 
NISB PI 

Prof. Dr Wim Crielaard 
 
NISB aPIs (associated) 

Dr Egija Zaura 
 
Contact 

T +31-20-518 8432; E w.crielaard@acta.nl; I www.acta.nl 
 
Address 

Oral Microbiology, Academisch Centrum Tandheelkunde Amsterdam (ACTA), University of Amsterdam 

(UvA) 
Van der Boechorststraat 7-9, 1018BT Amsterdam 
 
Research interest 

- 
 
Five selected publications 

- 
 
  

mailto:w.crielaard@acta.nl
http://www.acta.nl/
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NISB research group  

Nuclear Organisation 
 
NISB PI 

Prof. Dr Roel van Driel 
 
NISB aPIs (associated) 

Dr Pernette J. Verschure 
 
Contact 

T +31-20-525 5150; E r.vandriel@uva.nl; I www.uva-nucleus.nl 
 
Address 

Nuclear Organisation Group (NOG), Swammerdam Institute for Life Sciences (SILS), Faculty of Science 

(FNWI), University of Amsterdam (UvA) 
Science Park 904, 1098XH Amsterdam 
 
Research interest 

The one-dimensional structure of the genome of an increasing number of eukaryotes has been fully 
sequenced. A major challenge is to understand how it functions in terms of orchestration of expression of the 
many thousands of genes it encodes. Gene control in eukaryotes is conducted at three hierarchical levels. 
One is that of individual gene, involving cis- and trans-acting factors, such as enhancers, promoters and 
transcription factors. Information at the second level is stored as posttranslational modifications of histones, 
incorporation of histone variants and DNA methylation patterns. The third level is the compartmentalisation of 
the interphase cell nucleus. Gene regulation at this last level immediately relates to the folding of the 
chromatin fibre in the nucleus. 
Our aim is to unravel epigenetic mechanisms that employ the functional compartmentalization of the 

interphase nucleus and related higher order chromatin structure. Epigenetic systems are essential for among 
others stable cell differentiation and have been found deregulated in various diseases. We concentrate on 
the dynamic structure of chromatin and the behaviour of the nuclear machineries involved in gene 
transcription and silencing and DNA repair. We combine structural studies, often on living cells, with 
molecular biological, biochemical and other molecular approaches. It is our ambition to be among the first to 
develop quantitative and predictive models of regulatory epigenetic networks that can guide experimental 
approaches. 
 
Five selected publications 

1. Mateos-Langerak, J., M.C. Brink, M.S. Luijsterburg, I. van der Kraan, R. van Driel, and P.J. Verschure. 
2007. Pericentromeric heterochromatin domains are maintained without accumulation of HP1. Mol Biol 
Cell. 18:1464-71. 

2. Bruggeman, F.J., I. Oancea, and R. van Driel. 2008. Exploring the behavior of small eukaryotic gene 

networks. J Theor Biol. 252:482-7. 
3. Dinant, C., M.S. Luijsterburg, T. Hofer, G. von Bornstaedt, W. Vermeulen, A.B. Houtsmuller, and R. van 

Driel. 2009. Assembly of multiprotein complexes that control genome function. J Cell Biol. 185:21-6. 
4. Luijsterburg, M.S., C. Dinant, H. Lans, J. Stap, E. Wiernasz, S. Lagerwerf, D.O. Warmerdam, M. Lindh, 

M.C. Brink, J.W. Dobrucki, J.A. Aten, M.I. Fousteri, G. Jansen, N.P. Dantuma, W. Vermeulen, L.H. 
Mullenders, A.B. Houtsmuller, P.J. Verschure, and R. van Driel. 2009. Heterochromatin protein 1 is 
recruited to various types of DNA damage. J Cell Biol. 185:577-86. 

5. Mateos-Langerak, J., M. Bohn, W. de Leeuw, O. Giromus, E.M. Manders, P.J. Verschure, M.H. 
Indemans, H.J. Gierman, D.W. Heermann, R. van Driel, and S. Goetze. 2009. Spatially confined folding 
of chromatin in the interphase nucleus. Proc Natl Acad Sci U S A. 106:3812-3817. 

 
  

mailto:r.vandriel@uva.nl
http://www.uva-nucleus.nl/
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NISB research group  

 Molecular Cytology & Centre for Advanced Microscopy 
 
NISB PI 

Prof. Dr Dorus W.J. Gadella 
 
NISB aPIs (associated) 

Dr Joachim Goedhart, Dr Mark A. Hink, Dr Erik M.M. Manders 
 
Contact 

T +31-20-525 6259; E th.w.j.gadella@uva.nl; I wwwmc.bio.uva.nl 
 
Address 

Section of Molecular Cytology & Centre for Advanced Microscopy, Swammerdam Institute for Life Sciences 

(SILS), Faculty of Science (FNWI), University of Amsterdam (UvA) 
Science Park 904, 1098XH Amsterdam 
 
Research interest 
We want to understand how cells can achieve and maintain a local signal in order to drive morphogenesis, to 
define new cytoskeletal anchorage or vesicle-docking sites. The focus is on signal flow across and in the 
plane of the membrane of living mammalian cells. To this end genetic encoded fluorescent biosensors are 
employed and the in situ molecular interactions between signaling molecules including phospholipid-second 
messengers, receptors, G-proteins and downstream targets are analyzed. The generation of FlAsH, GFP, 
CFP, YFP and/or mCherry-tagged and biofunctional 7-TM-spanning receptors, heterotrimeric Gq-protein 
(  and  subunits), and specific lipid biosensors for polyphosphoinositides (PtdIns(4)-P, PtdIns(4,5)P2, 
PtdIns(3,4,5)P3 and PtdIns(3)P), diacylglycerol, intracellular calcium, phospholipase C beta and protein 
kinase C have been accomplished. By multiparameter imaging approaches several signaling events are 
visualized and quantified simultaneously in individual living cells with sub-second temporal and submicron 
spatial resolution. For the development of sensitive fluorescent genetic encoded biosensors reporting on 
phosphorylation, interaction and conformation changes, various enhanced fluorescent proteins have been 
developed and distributed to over 100 international laboratories. The in situ cellular imaging research heavily 
depends on advanced bioimaging. To this end advanced automated microscopy approaches such as 
fluorescence resonance energy transfer (FRET) microscopy (including bleaching-, spectral-, ratio- and 
fluorescence lifetime-imaging approaches), fast live cell microscopy (including spinning disk, line-scanning 
and controlled light exposure confocal microscopy, and total internal reflection microscopy (TIRF)), and 
photochemical microscopy approaches such as photoactivation, uncaging, fluorescence recovery after 
photobleaching (FRAP), fluorescence loss in photobleaching microscopy (FLIP), fluorescence correlation 
spectroscopy (FCS), cross-correlation (FCCS), lifetime-correlation (FCLS) have been implemented 
developed  and applied to quantifying cell signalling phenomena. Currently, the palette of advanced 
instrumentation is expanded with superresolution localization microscopy approaches PALM and STORM.  
Recently the group has initiated collaborations and own research to use the quantitative multiparameter 
microscopy data on cell signalling for constructing mathematical models of the Gq signalling pathway. Our 
initial results indicate that the prevailing assumption of precoupled receptors and G-proteins (kinetic 
scaqffolding model) cannot reproduce trends in the experimental data, whereas an alternative model 
reproduces experimental results better. 
 
Five selected publications 
1. Dhonukshe P, Baluka F, Schlicht M, Hlavacka A, Samaj J, Friml J, Gadella Jr. TWJ (2006). Endocytosis 

of cell surface material mediates cell plate formation during plant cytokinesis. Dev. Cell 10, 137. 
2. Hoebe, RA, Oven, CH van, Gadella Jr, TWJ, Dhonukshe, PB, Noorden, CJF van & Manders, EMM 

(2007). Controlled light-exposure microscopy reduces photobleaching and phototoxicity in fluorescence 
live-cell imaging. Nat. Biotechnol., 25, 249-253. 

3. Merzlyak, EM, Goedhart, J, Shcherbo, D, Bulina, ME, Shcheglov, AS, Fradkov, AF, Gaintzeva, A, 
Lukyanov, KA, Lukyanov, S, Gadella, TWJ & Chudakov, DM (2007). Bright monomeric red fluorescent 
protein with an extended fluorescence lifetime. Nat. Methods, 4(7), 555-557. 

4. Adjobo-Hermans, M,  Goedhart, J, and Gadella Jr, TWJ (2008). Regulation of PLCß1a membrane 
anchoring by its substrate phosphatidylinositol 4,5-bisphosphate. J. Cell Sci. 121: 3770-3777.  

5. Goedhart, J, van Weeren, L, Hink, MA, Vischer, NOE, Jalink, K  and  Gadella Jr, TWJ (2009) Bright 
Cyan Fluorescent Protein variants identified by Fluorescence Lifetime Screening. Nat. Methods, in 
revision  

mailto:th.w.j.gadella@uva.nl
http://wwwmc.bio.uva.nl/


  
 
 NISB Bureau | Science Park 904 | University of Amsterdam | PO Box 94215 | 1090GE Amsterdam | nisb@sysbio.nl | www.sysbio.nl 

NISB is a collaborative partnership of CWI, UvA and VU 
 
NISB_PIs_ResearchStatements_20100804.docx  Page 9 of 26 

Research statements of NISB research groups 
 

NISB research group  

 Biophysics 
 
NISB PI 

Prof. Dr Rienk van Grondelle 
 
NISB aPIs (associated) 

Dr Jan P. Dekker, Prof. Dr Marloes L. Groot, Dr John T.M. Kennis, Dr Ivo H.M. van 
Stokkum,  
 
Contact 
T +31-20-444 7930; E r.van.grondelle@few.vu.nl; I www.nat.vu.nl/~rienk 
 
Address 

Biophysics, Department of Physics & Astronomy, Faculty of Sciences (FEW), VU University Amsterdam (VU) 
De Boelelaan 1081, 1081HV Amsterdam 
 
Research interest 

- 
 
Five selected publications 

- 
 
  

mailto:r.van.grondelle@few.vu.nl
http://www.nat.vu.nl/~rienk
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NISB research group  

Biomathematics 
 
NISB PI 

Prof. Dr Mathisca M. de Gunst 
 
NISB aPIs (associated) 

Prof. Dr Jan-Bouwe van den Berg, Prof. Dr Joost Hulshof, Prof. Dr Aad van der Vaart 
Dr Fetsje Bijma, Dr Marianne Jonker, Dr Bob Planquè 
 
Contact 
T +31-20-598 7680; E degunst@cs.vu.nl; I www.math.vu.nl/~degunst 
 
Address 

Biomathematics, Divisions of Stochastics & Analysis, Department of Mathematics, Faculty of Sciences 
(FEW), VU University Amsterdam (VU) 
De Boelelaan 1081a, 1081HV Amsterdam 
 
Research interest 

- 
 
Five selected publications 
- 
 
  

mailto:degunst@cs.vu.nl
http://www.math.vu.nl/~degunst
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NISB research group  

Molecular Microbial Physiology 
 
NISB PI 

Prof. Dr Klaas J. Hellingwerf 
 
NISB aPIs (associated) 

- 
 
Contact 

T +31-20-525 7055; E k.j.hellingwerf@uva.nl; I home.medewerker.uva.nl/k.j.hellingwerf 
 
Address 

Laboratory for Microbiology, Swammerdam Institute for Life Science (SILS), Faculty of Science (FNWI), 

University of Amsterdam (UvA) 
Science Park 904, 1098XH Amsterdam 
 
Research interest 

The essential role that micro-organisms play in Nature as a whole, in the (dis)functioning of multicellular 
organisms like man, and in today‘s biotechnology, is due to their enormous potential to adapt to all kinds of 
environmental conditions and to their capacity to facilitate high rates of metabolism. These ―simple‖ one-
compartment biochemical units harbour all the complexity, interacting system components, and regulatory 
networks that are exemplary for the systems behaviour of what we call Life. 
With this in mind, we aim at understanding the physiological behaviour of the microbial cell as the result of 
processes that take place at the genetic and proteome level and give rise to environment-dependent 
metabolic and regulatory network activities. We do so by quantitative analyses of mass fluxes in microbial 
populations on the one hand and by studies on the molecular mechanisms underlying signal-transduction 

and -processing on the other. Our quantitative approach allows for a systems-biological analysis and a 
mathematical description of microbial activity. The work is organized along the following lines, 1) the 
molecular basis of physiological responses to light, 2) systems biology and application in biofuel production 
in the cyanobacterium Synechocystis, 3) system biology of energy conservation in Escherichia coli and 4) 
systems biology of lactic acid bacteria. 
Our approach thus spans the metabolic spectrum from photoautotrophic metabolism to chemoorganotrophic 
fermentation. Although our research is essentially fundamental, it has in many cases spin offs in applied 
fields such as biofuel production and food biotechnology.       
 
Five selected publications 

1. Avila Perez, M., J. Vreede, Y. Tang, O. Bende, A. Losi, W. Gartner, and K.J. Hellingwerf. 2009 In vivo 

mutational analysis of YTVA from Bacillus subtilis:  Mechanism of light-activation of  the general stress 

response. J Biol Chem. 284: 24958-24964.    

2. Bekker, M., S. de Vries S, A. Ter Beek, K.J. Hellingwerf, and M.J. Teixeira de Mattos. 2009. Respiration 

of Escherichia coli can be fully uncoupled via the nonelectrogenic terminal  cytochrome bd-II oxidase. 

J Bacteriol. 191: 5510-5517.  

3. Hellingwerf, K.J., and M.J. Teixeira de Mattos. 2009. Alternative routes to biofuels: light-driven biofuel 

formation from CO2 and water based on the 'photanol' approach. J Biotechnol.  142: 87-90. 

4. Santos F, A. Wegkamp, W.M. de Vos WM, E.J. Smid, and J. Hugenholtz. 2008. High-level folate 
production in fermented foods by the B-12 producer Lactobacillus reuteri JCM1112. Appl. Env. 
Microbiol. 74: 3291-3294. 

5. Hellingwerf, K.J., J. Hendriks, and T. Gensch. 2003. Photoactive Yellow Protein, a new type of 
photoreceptor protein: Will this "yellow lab" bring us where we want to go? J. Phys Chem. A: 107: 1082-
1094. 

 
  

mailto:k.j.hellingwerf@uva.nl
http://home.medewerker.uva.nl/k.j.hellingwerf
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NISB research group  

Integrative Bioinformatics 
 
NISB PI 

Prof. Dr Jaap Heringa 
 
NISB aPIs (associated) 

Dr Sanne Abeln, Dr Anton K.A. Feenstra 
 
Contact 

T +31-20-598 7649; E heringa@cs.vu.nl; I www.ibi.vu.nl 
 
Address 

Centre for Integrative Bioinformatics (IBIVU), Faculty of Sciences (FEW) & Faculty of Earth and Life 

Sciences (FALW), VU University Amsterdam (VU) 
De Boelelaan 1081a, 1081HV Amsterdam 
 
Research interest 

A longstanding interest of the group is data integration and developing bioinformatics software packages in 
various areas, with a particular emphasis on novel integrative algorithms for sequence analysis, protein 
structure/function prediction and microarray/aCGH data. A recent focus is course-grained quantitative 
modeling of (multi)cellular processes using formal modeling systems, including  Boolean and Petri-net 
approaches. The latter systems are particularly relevant in modeling large cellular networks, because these 
are typically based on inprecise experimental measurements of systems parameters (concentrations of 
metabolites and proteins, interactions between compounds, etc). We have successfully applied these formal 
modeling systems to systems such as course-grained multicellular development of the vulva in C. elegans 
and differentiation of human haematopoietic stem cells. Owing to the reasoning capabilities of the above 

modeling systems, they are able to assess the inherent complexity and functional potential of cellular 
networks, for example comprising regulatory, signalling and metabolic network layers. From such an analysis 
and available empirical data, suggestions for extensions of a network can be inferred, including the addition 
of extra nodes (compounds) in the network, or extra edges (interactions). It is our ambition to develop a 
flexible modelling strategy, able to model parts of the network at an optimal level of granularity using 
Boolean, Petri-net or ODE-based modeling strategies, and able to automatically suggest the above 
extensions of the network, from which predictions can be drawn than can then be tested experimentally. 
 
Five selected publications 

1. Bonzanni, N., Krepska, E., Feenstra, K.A., Fokkink, W., Kielmann, T., Bal, H., and Heringa, J. 2009. 

Executing Multicellular Differentiation: Quantitative Predictive Modelling of C. elegans Vulval 
Development. Bioinformatics, 25(16), 2049-2056. 

2. Van Houte, B.P.P., Binsl, T.W., Hettling, H., Pirovano, W. and Heringa, J. 2009. CGHnormaliter: an 
iterative strategy to enhance normalization of array CGH data with imbalanced aberrations. BMC 
Genomics, 10, 401 

3. Pirovano, W., Feenstra, K.A. and Heringa, J. 2008. PRALINE
TM

: a strategy for improved multiple 
alignment of transmembrane proteins, Bioinformatics, 24(2), 492-497. 

4. Szklarczyk, R., Heringa, J., Kosakovsky Pond, S., Nekrutenko, A. 2007. Rapid asymmetric evolution of a 

dual-coding tumor suppressor INK4a/ARF locus contradicts its function but follows a genomic trend, 
Proc. Natl. Acad. Sci. USA, 104(31), 12807-12812. 

5. Notredame, C., Higgins D., and Heringa, J. (2000) T-Coffee: A novel method for fast and accurate 
multiple sequence alignment. J. Mol. Biol., 302, 205-217. 
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Research statements of NISB research groups 
 

NISB research group  

Biomolecular Analysis 
 
NISB PI 

Prof. Dr Hubertus Irth 
 
NISB aPIs (associated) 

- 
 
Contact 

T +31-20-598 7527; E h.irth@few.vu.nl; I www.few.vu.nl 
 
Address 

Division of Biomolecular Analysis, Department of Chemistry and Pharmaceutical Sciences, Faculty of 

Sciences (FEW), VU University Amsterdam (VU) 
De Boelelaan 1083, 1081HV Amsterdam 
 
Research interest 

- 
 
Five selected publications 

- 
 
  

mailto:h.irth@few.vu.nl
http://www.few.vu.nl/
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Research statements of NISB research groups 
 

NISB research group  

Algorithmic Computational Biology 
 
NISB PI 

Dr Gunnar W. Klau 
 
NISB aPIs (associated) 

- 
 
Contact 

T +31-20-592 4012; E gunnar.klau@cwi.nl; 
I www.cwi.nl/en/Algorithmic_computational_biology 
 
Address 

Algorithmic Computational Biology, Life Sciences Group, Centrum Wiskunde & Informatica (CWI) 
Science Park 123, 1098XG Amsterdam 
 
Research interest 

We work on algorithmic solutions for combinatorial problems from the life sciences. We develop novel 
methods and mathematical models for the analysis of biological and biomedical data and related theoretical 
results. Current research includes comparing and aligning proteins, RNA molecules, and biological networks 
as well as integrating high-throughput data and network topology in the context of cancer research.  
Typically, biological data are noisy. We deal with this fact by explicitly allowing for a controlled occurrence of 
errors and by incorporating statistically derived scores into our computational models. Often, we improve our 
models by learning from reference data. The evaluation of our methods also frequently involves statistical 
methods. 
Even if many of the problems we investigate turn out to be computationally intractable, our aim is to develop 

exact algorithms that compute provably optimal solutions in reasonable computation time for practically 
relevant instance sizes. To this end, we use methods from discrete optimization, often in combination with 
classical algorithmics and graph theory. We make use of techniques from algorithm engineering to come up 
with freely available practical software implementations. 
 
Five selected publications 
1. Bauer, M., G.W. Klau, K. Reinert. 2007. Accurate multiple sequence-structure alignment of RNA 

sequences using combinatorial optimization.  BMC Bioinformatics 8(271). 
2. Dittrich, M.T., G.W. Klau, A. Rosenwald, T. Dandekar, T. Müller. 2008. Identifying functional modules in 

protein-protein interaction networks: An integrated exact approach. Bioinformatics, 24:i223-i231. 
3. Böcker, S., S. Briesemeister, G.W. Klau. On optimal comparability editing with applications to molecular 

diagnostics. 2009. BMC Bioinformatics 10 (Suppl. 1):S61 
4. Klau, G.W. 2009. A new graph-based method for pairwise global network alignment. BMC Bioinformatics 

10(Suppl. 1):S59. 
5. Althaus, E., G.W. Klau, O. Kohlbacher, H.-P. Lenhof, K. Reinert. 2009. Integer Linear Programming in 

Computational Biology. LNCS 5760. 
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Research statements of NISB research groups 
 

NISB research group  

Medical Systems Biology 
 
NISB PI 

Dr Jan Lankelma 
 
NISB aPIs (associated) 

- 
 
Contact 

T +31-20-444 2603; E  jan.lankelma@falw.vu.nl; I www.falw.vu.nl 
 
Address 

Medical Systems Biology, Tumor Cell Biology, Dept of Molecular Cell Physiology, Faculty of Earth and Life 

Sciences (FALW), VU University Amsterdam (VU) 
De Boelelaan 1085, 1081HV Amsterdam 
 
Research interest 

- 
 
Five selected publications 

- 
 
  

mailto:bert.de.boer@falw.vu.nl
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Research statements of NISB research groups 
 

NISB research group  

Biomodeling and Biosystems Analysis 
 
NISB PI 

Dr Roeland M.H. Merks 
 
NISB aPIs (associated) 

- 
 
Contact 

T +31-20-592 4117; E roeland.merks@sysbio.nl; I homepages.cwi.nl/~merks 
 
Address 

Biomodelling and Biosytems Analysis Group (NCSB-NISB-project), Life Sciences Group, Centrum Wiskunde 

& Informatica (CWI) 
Science Park 123, 1098XG Amsterdam 
 
Research interest 

The Biomodeling and Biosystems Analysis group is the core modelling group of the Netherlands Consortium 
for Systems Biology (NCSB), and has started 1 September 2008. It works on a diverse range of topics in 
collaboration with experimental partners within NCSB, and acts as NCSBs ‗modeling hub‘ where dry PhDs 
and postdocs interact. Our specialty is multiscale modeling, in particular cell-based modeling of multicellular 
systems.  
In collaboration with Dr. Pieter Koolwijk of the Free University Medical Center in Amsterdam we are refining 
our existing computational models of endothelial cells‘ self-organization into angiogenic sprouts. Our 
modeling aims at unraveling the selection of ―tip cells‖—the leading cells of blood vessel sprouts—and the 
interactions between the ECs and the protein matrix they live in. The final goal of this project is to develop a 

multiscale, explanatory model of angiogenesis. 
In collaboration with the Top Institute for Food & Nutrition and the Kluyver Centre (both part of NCSB), we 
develop a multiscale, cell-based model of the gut microbiota, Our final aim is to predict how the highly 
diverse symbiotic microbial community in our guts help us break down food fibers into short chain fatty acids, 
which the gut wall can absorb. The model currently contains whole-genome metabolic models of E. coli, 
Lactococcus lactis and Lactobacillus. Metabolic network models  (flux balance analysis) are used to calculate 
influxes and effluxes of nutrients, including glucose and lactate; a PDE describes transport of nutrients 
throughout the bacterial colony, and a stochastic cellular automata model describes reproduction of bacteria. 
In collaboration with Wageningen University & Research Center and the VIB in Ghent, Belgium, we develop 
cell-based models of plant-development and a modelling environment that should eventually allow 
experimental biologists to develop basic models on their own. Further projects involve modelling of lignin and 
modelling of hierarchically-regulated gene networks. 
 
Five selected publications 
1. R.M.H. Merks and P. Koolwijk. 2009. Modeling Morphogenesis in silico and in vitro: Towards 

Quantitative, Predictive, Cell-based Modeling. Math Model Nat Phenom  4:149-171. 
2. R.M.H. Merks, E. D. Perryn, A. Shirinifard and J.A. Glazier.  2008.Contact-inhibited chemotactic motility 

in de novo and sprouting blood vessel growth. PLoS Comp Biol  4:e1000163. 
3. M. Scianna, R.M.H. Merks, L. Preziosi, and E. Medico. 2009. Individual cell-based models of cell scatter 

of ARO and MLP-29 cells in response to hepatocyte growth factor. J Theor Biol, 260:151-160. 
4. R.M.H. Merks, Y. Van de Peer, D. Inzé, G.T.S. Beemster. 2007. Canalization without flux sensors: a 

traveling-wave hypothesis. Trends Plant Sci, 12:384-390. 
5. R.M.H. Merks, S.V. Brodsky, M. S. Goligorsky, S.A. Newman, and James A. Glazier. 2006. Cell 

elongation is key to in silico replication of in vitro vasculogenesis and subsequent remodeling. Dev Bioy, 
289:44-54. 
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Research statements of NISB research groups 
 

NISB research group  

Control and System Theory 
 
NISB PI 

Prof. Dr Ir Jan H. van Schuppen 
 
NISB aPIs (associated) 

Dr Pieter Collins 
 
Contact 

T +31-20-592 4085; E j.h.van.schuppen@cwi.nl; I www.cwi.nl/~schuppen 
 
Address 

Control and System Theory for Systems Biology, Centrum Wiskunde & Informatica (CWI) 

Science Park 123, 1098XG Amsterdam 
 
Research interest 
- 
 
Five selected publications 

- 
 
  

mailto:j.h.van.schuppen@cwi.nl
http://www.cwi.nl/~schuppen
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Research statements of NISB research groups 
 

NISB research group  

Biosystems Data Analysis 
 
NISB PI 

Prof. Dr Age K. Smilde 
 
NISB aPIs (associated) 

Dr Huub C.J. Hoefsloot, Dr Johan A. Westerhuis 
 
Contact 

T +31-20-525 5062; E a.k.smilde@uva.nl; I www.bdagroup.nl 
 
Address 

BioSystems Data Analysis (BDA), Swammerdam Institute for Life Sciences (SILS), Faculty of Science 

(FNWI), University of Amsterdam (UvA) 
Science Park 904, 1098XH Amsterdam 
 
Research interest 

We develop and validate methods for organizing, summarizing and visualizing complex biological data for 
systems biology through the integration of biostatistics and bioinformatics. To this end, we develop top-down 
models of biological systems based on functional genomics data integrated with available biological 
knowledge. 

We have three related themes in our group: Semantic Biosystems, Network Inference and Data Fusion. In 
Semantic BioSystems, our cross-disciplinary challenge is how to build computer systems that can support 
life science researchers as they try to navigate and manipulate a vast amount of available information, and 
then interpret it and use it. In Network Inference, we develop tools to infer biological networks from functional 
genomics data; these may be metabolic networks, protein-protein interaction networks or association 

networks. In Data Fusion, we develop methods to fuse data from different origins and/or with a priori 
biological knowledge. 

In all our research we work closely together with biologists for several reasons: i) they provide the relevant 
biological questions, ii) they provide the data, iii) they can interpret the results and judge their biological 
relevance which is one of the ways to validate our tools.   
 
Five selected publications 

1. S. Bijlsma, I. Bobeldijk, E.R. Verheij, R. Ramaker, S. Kochhar, I.A. Macdonald, B. van Ommen and A.K. 
Smilde. 2006. Large Scale Human Metabolomics Studies: A Strategy For Data (Pre-) Processing and 
Validation, Analytical Chemistry, 78: 567-574 

2. R.A. van den Berg, H.C.J. Hoefsloot, J.A. Westerhuis, A.K. Smilde and M.J. van der Werf. 2006. 
Centering, scaling and transformations: improving the biological information content of metabolomics 
data, BMC Genomics, 7:142 

3. J.A. Westerhuis, H.C.J. Hoefsloot, S. Smit, D.J. Vis, A.K. Smilde, E.J.J. van Velzen, J.P.M. van 
Duijnhoven, F.A. van Dorsten. 2008. Assessment of PLSDA cross validation, Metabolomics 4: 81-89.  

4. S. Smit, M.J. van Breemen, H.C. J. Hoefsloot, A.K. Smilde, J.M.F.G. Aerts and C.G. de Koster. 2007. 
Assessing the statistical validity of proteomics based biomarkers, Analytica Chimica Acta, 592:210-217 

5. A.M. Willemsen , G.A.  Jansen, J.C. Komen, S. van Hooff, H.R. Waterham, P.M. Brites, R.H. Wanders, 
A.H.C. van Kampen. 2008. Organisation and integration of biomedical knowledge with concept maps for 
key peroxisomal pathways, Bioinformatics, 24(16): i21-7. 
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Research statements of NISB research groups 
 

NISB research group  

Neurogenomics 
 
NISB PI 

Prof. Dr Guus A.B. Smit 
 
NISB aPIs (associated) 

Dr Ronald E. van Kesteren, Dr Ka-Wan Li, Dr Pim van Nierop 
 
Contact 

T +31-20-598 7116; E guus.smit@falw.vu.nl; I www.cncr.vu.nl/mcn/ResearchGuusMCN.html 
 
Address 

Neurogenomics, Molecular and Cellular Neurobiology, Faculty of Earth and Life Sciences (FALW), VU 

University Amsterdam (VU) 
De Boelelaan 1085, 1081HV Amsterdam 
 
Research interest 

- 
 
Five selected publications 

- 
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Research statements of NISB research groups 
 

NISB research group  

Medicinal Chemistry/Molecular Pharmacology 
 
NISB PI 

Prof. Dr Martine J. Smit 
 
NISB aPIs (associated) 

prof. Dr Rob Leurs, Dr. Marco Siderius, Dr. Henry Vischer 
 
Contact 

T +31-20-598 7572; E smit@few.vu.nl; I www.few.vu.nl 
 
Address 

Molecular Pharmacology, Department of Pharmacochemistry, Division of Chemistry, Faculty of Science 

(FEW & LACDR), VU University Amsterdam (VU) 
De Boelelaan 1083, 1081HV Amsterdam 
 
Research interest 

Our research group focuses on unravelling (oncogenic) signalling networks of G-protein coupled receptor 
(GPCRs). Membrane-bound GPCRs play a key role in cellular communication and not surprisingly are prime 
targets in modern drug discovery.  GPCRs are able to bind a variety of ligands, and interact with protein 
complexes (signalosomes), differentially activating signalling pathways (enzymes, transcription factors) 
forming signalling networks, that control cellular function. It has become apparent that human but also 
herpesvirus-encoded chemokine receptors, members of the family of GPCRs, activate oncogenic signalling 
networks driving tumor formation and metastasis.  
While currently most studies focus on delineating individual signalling pathways, a Systems Biology 
approach is required to obtain insight on how cellular signal transduction pathways operate and are 

deregulated by (viral) GPCRs. Both global (genomic/proteomic data sets) and mechanism-based  (protein-
protein interaction using fluorescent BRET/FRET technologies and signalling assays) approaches are used 
and required to construct in silico signalling networks (graph-theory analyses and differential equation 
models, respectively). These signalling networks will provide molecular insights into cellular processes 
involving ligand-directed signalling, proliferation and uncover (novel) signalling pathways activated by (viral) 
GPCRs. Moreover, these studies will allow us to predict crucial constituents of (oncogenic) signalling, which 
can be uniquely validated in vitro (signalling assays) and in vivo (xenograft/transgenic mice models) and may 
serve as therapeutic targets (network-based drug design) for the intervention of (viral) GPCR-induced 
signalling. 
 
Five selected publications 

1. Maussang D, Langemeijer E, Fitzsimons CP, Stigter-van Walsum M, Dijkman R, Borg MK, Slinger E, 
Schreiber A, Michel D, Tensen CP, van Dongen GA, Leurs R, Smit MJ. 2009 The human 

cytomegalovirus-encoded chemokine receptor US28 promotes angiogenesis and tumor formation via 
cyclooxygenase-2. Cancer Res. 69:2861-9. 

2. Vischer HF, Nijmeijer S, Smit MJ, Leurs R. 2008 Viral hijacking of human receptors through 
heterodimerization.Biochem Biophys Res Commun. 377:93-7. 

3. Maussang D, Verzijl D, van Walsum M, Leurs R, Holl J, Pleskoff O, Michel D, van Dongen GA, Smit MJ 
2006 Human cytomegalovirus-encoded chemokine receptor US28 promotes  tumorigenesis. Proc Natl 
Acad Sci USA. 103:13068-73. 

4. Fitzsimons CP, Gompels UA, Verzijl D, Vischer HF, Mattick C, Leurs R, Smit MJ. 2006 Chemokine-
directed trafficking of receptor stimulus to different G proteins: selective inducible and constitutive 
signaling by human herpesvirus 6-encoded chemokine receptor U51. Mol Pharmacol. 69:888-98. 

5. Jongejan A, Bruysters M, Ballesteros JA, Haaksma E, Bakker RA, Pardo L, Leurs R  2005 Linking 
agonist binding to histamine H1 receptor activation Nat Chem Biol. 1: 98-105. 
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Research statements of NISB research groups 
 

NISB research group  

Eco Systems Biology 
 
NISB PI 

Prof. Dr Nico M. van Straalen 
 
NISB aPIs (associated) 

Dr Ir Dick Roelofs, Dr Wilfred F.M. Röling, Dr Rob J.M. van Spanning 
 
Contact 

T +31-20-598 7070; E nico.van.straalen@falw.vu.nl; I www.bio.vu.nl/do/staff/NMvanStraalen.htm 
 
Address 

Dierecologie, Faculty of Earth and Life Sciences (FALW), VU University Amsterdam (VU) 

De Boelelaan 1085, 1081HV Amsterdam 
 
Research interest 
- 
 
Five selected publications 

- 
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 NISB Bureau | Science Park 904 | University of Amsterdam | PO Box 94215 | 1090GE Amsterdam | nisb@sysbio.nl | www.sysbio.nl 

NISB is a collaborative partnership of CWI, UvA and VU 
 
NISB_PIs_ResearchStatements_20100804.docx  Page 22 of 26 

Research statements of NISB research groups 
 

NISB research group  

Quantitative Molecular Physiology 
 
NISB PI 

Prof. Dr Joost M.J. Teixeira-de-Mattos 
 
NISB aPIs (associated) 

- 
 
Contact 

T +31-20-525 7066; E m.j.teixeirademattos@uva.nl; I www.science.uva.nl/SILS 
 
Address 

Quantitative Molecular Physiology, Laboratory for Microbiology, Swammerdam Institute for Life Science 

(SILS), Faculty of Science (FNWI), University of Amsterdam (UvA) 
Science Park 904, 1098XH Amsterdam 
 
Research interest 

- 
 
Five selected publications 

- 
 
  

mailto:m.j.teixeirademattos@uva.nl
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Research statements of NISB research groups 
 

NISB research group  

Systems Bioinformatics 
 
NISB PI 

Prof. Dr Bas Teusink 
 
NISB aPIs (associated) 

Dr Douwe Molenaar 
 
Contact 

T +31-20-598 9435; E bas.teusink@falw.vu.nl; I www.falw.vu.nl 
 
Address 

Systems Bioinformatics, Faculty of Earth and Life Sciences (FALW) / IBIVU, VU University Amsterdam (VU) 

De Boelelaan 1085, 1081HV Amsterdam 
 
Research interest 
The Systems Bioinformatics group was founded in August 2008. We combine experimental, modelling and 
theoretical approaches to study cellular physiology, with an emphasis on regulation of metabolic networks. 
We focus on the use of constraint optimization techniques to investigate what aspects of biological systems 
have been optimized through evolution to the extent that physical and/or chemical boundaries are hit (which 
evolution obviously cannot change), and what trade-offs exists between different potential objectives of the 
cell. Optimality is potentially very powerful for reducing solution spaces, and for understanding design 
principles of biological systems. On the experimental side, we have invested in long-term cultivation 
infrastructure to allow selection of cells that have optimally adapted to specific environments imposed on 
them. 
Within our group we focus on a limited number of model organisms: these include Lactococcus lactis and 

Saccharomyces cerevisiae. We work at different levels of detail and abstraction, but with the specific goal to 
integrate these approaches.  

 genome-scale metabolic reconstructions and models are used for the global picture and integration of 
high-throughput data 

 so-called self-replicating models: these are modular models able to capture trade-offs in whole cells that 
govern growth strategies in unicellular organisms 

 detailed kinetic models of subsystems 

 knowledge base of biologically relevant physico-chemical constraints (general for each cell) and more 
specific constraints for the model organisms 

 
Five selected publications 

1. Molenaar, D., R. van Berlo, D. de Ridder, and B. Teusink. 2009. The economy of unicellular growth. Mol 
Syst Biol. in press. 

2. Teusink, B., J. Passarge, C.A. Reijenga, E. Esgalhado, C.C. van der Weijden, M. Schepper, M.C. Walsh, 
B.M. Bakker, K. van Dam, H.V. Westerhoff, and J.L. Snoep. 2000. Can yeast glycolysis be understood in 
terms of in vitro kinetics of the constituent enzymes? Testing biochemistry. Eur J Biochem. 267:5313-

5329. 
3. Teusink, B., and E.J. Smid. 2006. Modelling strategies for the industrial exploitation of lactic acid 

bacteria. Nat Rev Microbiol. 4:46-56. 
4. Teusink, B., A. Wiersma, L. Jacobs, R.A. Notebaart, and E.J. Smid. 2009. Understanding the adaptive 

growth strategy of L. plantarum by in silico optimisation. PLOS Comp. Biol. 5. 
5. Teusink, B., A. Wiersma, D. Molenaar, C. Francke, W.M. de Vos, R.J. Siezen, and E.J. Smid. 2006. 

Analysis of growth of Lactobacillus plantarum WCFS1 on a complex medium using a genome-scale 
metabolic model. J Biol Chem. 281:40041-40048. 
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Research statements of NISB research groups 
 

NISB research group  

Neurobiology / Functional Genomics 
 
NISB PI 

Prof. Dr Matthijs Verhage 
 
NISB aPIs (associated) 

Dr Niels Cornelisse, Dr Arjen van Ooyen, Dr Ruud Toonen 
 
Contact 

T +31-20-598 6936; E matthijs@cncr.vu.nl; I www.falw.vu.nl 
 
Address 

Department of Functional Genomics, Faculty of Earth and Life Sciences (FALW), VU University Amsterdam 

(VU), 
De Boelelaan 1085, 1081HV Amsterdam 
 
Research interest 

- 
 
Five selected publications 

- 
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Research statements of NISB research groups 
 

NISB research group  

Molecular Cell Physiology / Systems Biology 
 
NISB PI 

Prof. Dr Hans V. Westerhoff 
 
NISB aPIs (associated) 

Dr Barbara M. Bakker, Dr Hans H.G.M. van Beek, Dr Fred C. Boogerd, Dr Klaas Krab, Dr 
Jacky L. Snoep 
 
Contact 
T +31-20-598 7230; E hans.westerhoff@falw.vu.nl; I www.falw.vu.nl 
 
Address 

Department of Molecular Cell Physiology, Faculty of Earth and Life Sciences (FALW), VU University 
Amsterdam (VU), De Boelelaan 1085, 1081HV Amsterdam 
 
Research interest 

Because of mass balance, metabolic pathways are particularly suited for systems biology. We engage in 
bottom-up systems biology of the major flux carrying pathways of organisms such as S. cerevisiae, E. coli, T. 
brucei, L.lactis, S. solfataricus, and H. sapiens. With these we develop and implement core Systems Biology 
methodologies, including Silicon-Cell (SiC!) and Hierarchical Control Analysis (HCA). SiC! makes and 
collects mathematical replica of intracellular networks. Because there is no fitting at the system level, 
discrepancies between model predictions and our experimental measurements falsify model or 
understanding the field is supposed to have of the pathway, and leads to new understanding.  
HCA is the extension to Metabolic Control Analysis that deals with control of metabolic fluxes by 
macromolecular processes in signal transduction and gene expression. Here we have discovered new laws 

of Systems Biology. HCA and SiC! are implemented in our differential network-based drug-target 
identification-methodology. Our targets at the metabolic level of T. brucei have recently been added to by 
new targets at two levels of gene expression. SiC! Models of organisms are integrated into ecosystem 
models, where our Ecological Control Analysis is developed and applied, as well as into whole body models, 
which aims at the ‗silicon human‘. In mammalian systems we also look at nuclear hormone signaling, the 
importance of transport across the nuclear membrane, ethics and philosophy. In the opposite extreme we 
develop Systems Biology for macromolecular machines (RNA polymerase, ribosomes). Functional genomics 
has emphasized gene-expression regulation. We have developed a Systems Biology methodology, called 
Regulation Analysis,which assesses experimentally, to what extent an intracellular process is regulated 
metabolically, at the level of transcription, or at the level of translation. Implementing this method 
experimentally in starving yeast, we quantified a distribution between these modes of regulation, which 
changes with time. Metabolic regulation rather than transcription regulation dominated, with translation 
regulation ending up second. 
Five selected publications 
1. Bruggeman FJ, Blüthgen N, Westerhoff HV. 2009. Noise management by molecular networks. PLoS 

Comput Biol. Sep 18. 
2. Van Eunen K, Bouwman J, Lindenbergh A, Westerhoff HV, Bakker BM. 2009. Time-dependent 

regulation analysis dissects shifts between metabolic and gene-expression regulation during nitrogen 
starvation in baker's yeast. FEBS J. 276: 5521-36.  

3. Degenhardt T, Rybakova KN, Tomaszewska A, Moné MJ, Westerhoff HV, Bruggeman FJ, Carlberg C. 
2009. Population-level transcription cycles derive from stochastic timing of single-cell transcription. Cell. 
138:489-501. 

4. Lin B, Westerhoff HV, Röling WF. 2009. How Geobacteraceae may dominate subsurface 
biodegradation: physiology of Geobacter metallireducens in slow-growth habitat-simulating retentostats. 
Environ Microbiol. 11:2425-33.  

5. Gurwitz D, Fortier I, Lunshof JE, Knoppers BM. 2009. Research ethics. Children and population 
biobanks. Science. 325:818-9.  
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Research statements of NISB research groups 
 

NISB research group  

Molecular Biophysics 
 
NISB PI 

Dr Ir Gijs J.L. Wuite 
 
NISB aPIs (associated) 

Dr Ir Erwin J.G. Peterman 
 
Contact 

T +31-20-598 7987; E gwuite@nat.vu.nl; I www.nat.vu.nl/~gwuite/ 
 
Address 

Molecular Biophysics Group, Section of Physics of Complex Systems, Department of Physics and 

Astronomy, Faculty of Sciences (FEW), VU University Amsterdam (VU) 
De Boelelaan 1081, 1081HV Amsterdam 
 
Research interest 

Predictive modeling of complex biological systems is driven by growing amounts of quantitative data of 
biological systems. The aim of my research is to bring more physics into biology in order to attempt to 
quantitatively describe, underpin, and unify seemingly disparate biological phenomena. Rapid developments 
in biophysical manipulation and detection techniques now allow us to concurrently visualize, manipulate and 
control of the dynamics of complex biological reactions. Using these biophysical tools my group can begin to 
explore increasingly complex assemblies of proteins in order to investigate the (emergent) properties of 
these systems (van Mameren et al, Nature, 2009; Noom et al, Nature Methods, 2007; Dame et al, Nature, 
2006; Davenport et al., Science, 2000; Wuite et al., Nature, 2000). This approach connects experimental 
systems biology with single-molecule manipulation techniques. The biophysical data generated from this 

approach can be used to address fundamental questions at the interface of biochemistry, bioinformatics, 
biology, and physics. In the context of the NISB I want to focus on the following topics: 
Chromosome organization and regulation – In order to respond to environmental changes the transcription 
activity of the genes within the chromosomes are constantly regulated. The physical mechanisms of this 
dynamic organization are hardly understood. We are currently performing biophysics experiment to elucidate 
the functioning of the (bacterial) chromosome at various levels, starting from single proteins interacting 
specifically with DNA, to molecular machinery involved in transcription and regulation, all the way up to 
emerging properties due to arrays of (non-)specific proteins interacting with each other and with multiple 
DNA strands.  
Repair machinery – Constant DNA repair ensures the integrity of the cell‘s genetic code and involve highly 
regulated protein machinery. The important underlying physical mechanisms and regulation of repair are 
very difficult to elucidate. Using the interplay between biochemical, molecular biology, computational and 
single-molecule techniques we can attempt to uncover the complex connection between chemistry, 

molecular mechanism, and forces within these intricate maintenance systems. 
 
Five selected publications 

1. J. van Mameren, P. Gross, G. Farge, P. Hooijman, M. Modesti, M. Falkenberg, G.J.L. Wuite, E.J.G 
Peterman. Unraveling the structure of DNA during overstretching using multicolor, single-molecule 
fluorescence imaging. Proc. Natl. Acad. Sci. U. S. A. (in press) 

2. P.A. Wiggins, R.T. Dame, M.C. Noom, G.J.L. Wuite. Protein mediated bridging motifs: a key mechanism 
in biopolymer organization. Biophysical Journal (in press) 

3. J. van Mameren, M. Modesti R. Kanaar, C. Wyman, E.J.G. Peterman, G.J.L. Wuite. 2009. Counting 
RAD51 proteins disassembling from nucleoprotein filaments under tension. Nature 457:745 – 748 

4. B. van den Broek, M.A. Lomholt, S-M.J. Kalisch, R. Metzler, G.J.L. Wuite. 2008.How DNA coiling 
enhances target localization by proteins. Proc. Natl. Acad. Sci. U. S. A. 105 (41):15738-15742 

5. R.T. Dame, M.C. Noom, G.J.L. Wuite. 2006. Bacterial chromatin organization by H-NS protein unraveled 
using a dual DNA assay. Nature 444:387-390 
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