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Programme 
 
Dates: Thursday, 2010 October 21 & Friday, 2010 October 22 

Venue: Kontakt der Kontinenten, Amersfoortsestraat 20, Soesterberg  

         

                  

Thursday, 2010 October 21 
 

         

10:00 - 10:30  Registration, coffee   

         

10:30 - 10:45  Roel van Driel  NCSB director 

     Welcome & Opening   

         

Theme 1: 
 

Signal transduction 
  

Chairperson: 
 

Gerco Angenent 
  

         
10:45 - 11:30  Hans Lehrach  Germany 

     Genetics, Genomics and Systems Biology: the path to an individualised treatment 

      of cancer patients 

11:30 - 11:55  Gabino Sanchez-Perez  CBSG (postdoc) 

     PLETHORA: understanding a complex meristem regulatory network 

11:55 - 12:20  Joep Vanlier   CMSB (PhD) 

     Parameterisation of signalling pathways using Western blot data 

12:20 - 12:45  Claire Price   KC (postdoc) 

     Characterisation of the cellular composition of evolved strains of Lactococcus lactis 

         12:45 - 14:00  Lunch    

         Theme 2: 
 

Pattern formation 
  

Chairperson: 
 

Roeland Merks 
  

         
14:00 - 14:45  Malcolm Bennett  United Kingdom 

     Systems analysis of lateral root development: an emerging storyé 

14:45 - 15:10  Eva Deinum   CBSG (PhD) 

     Underground comparative development: nodules and lateral roots 

15:10 - 15:35  Margriet Palm  NISB (PhD) 

     Cell elongation and cell-cell adhesion suffice for blood vessel network growth 

15:35 - 16:00  Harm Nijveen   NBIC (postdoc) 

     Visualisation of complex 
data  

 

         16:00 - 16:30  Coffee, tea    
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16:30 - 17:00  Poster flashes: a 2.5 min pitch with 1-2 slides 

Chairperson: 
 

Roeland Merks 
  

    1 Karen van Eunen Modelling of fatty acid beta-oxidation 

    2 Anisha Goel In-vivo-like maximum enzyme activities for Lactococcus lactis 

        at varying growth rates: purely metabolic regulation? 

    3 Marian Groenenboom Flavonol glycosidation in tomato 

    4 Marit Heblij  Continuous cultivation of Saccharomyces cerevisiae 

        under diurnal temperature cycles 

    5 Hannes Hettling Analysing the functional properties of the creatine kinase 
system using a multiscale 'sloppy' modelling approach 

    6 Richard Immink Quantitative modelling of the gene regulatory network 
underlying floral timing 

    7 Jan-Bert van Klinken Estimating the contribution of physical activity to total energy 

        expenditure in mice with indirect calorimetry 

    8 Pinar Ozturk An optimisation approach for prediction of microbial growth 
strategies 

    9 Anne Schwabe Noise propagation in networks with non-exponential waiting 
times 

   10 Christian Tiemann Revealing liver X receptor induced molecular adaptations in 
hepatic lipid metabolism 

         17:00 - 17:20  YISB kick-off: Young Investigators in Systems Biology 

         

17:20 - 18:30  Poster session   

    
Drinks & bites 

   

         18:30 - 20:00  Dinner    

         20:00 - 21:00  Matthias Reuss  Germany, NCSB & KC (visiting scientist) 

     Multiscale modelling   

         21:00 - 23:00  Socialising with drinks   
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Friday, 2010 October 22 
  

         

08:00 - 09:00  Breakfast    

         

09:00 - 09:15  Colja Laane   NGI director 

     Beyond the NGI-II era   

         

Theme 3: 
 

Metabolism 
  

Chairperson: 
 

Bas Teusink 
   

         
09:15 - 10:00  Dan Beard   United States 

     Systems analysis of metabolic function in the heart: from molecules to cells 

      to whole-organ function 

10:00 - 10:25  Albert de Graaf  TIFN (senior scientist) 

     Measuring and predicting intestinal SCFA production 

10:25 - 10:50  Luísa da Cruz  KC (PhD) 

     Temperature dependency of yeast central metabolism: experimental findings and 

      modelling approaches 

         10:50 - 11:20  Coffee    

         11:20 - 11:45  Milan van Hoek  NISB (postdoc) 

     Genome-scale models predict that cost of glycolysis is key to inefficient metabolism 

11:45 - 12:10  Floor Hugenholtz  TIFN (PhD) 

     Gut microbiomics of SCFA metabolism 

         12:10 - 13:15  Lunch    

         Theme 4: 
 

Gene networks 
  

Chairperson: 
 

Jan-Bert van Klinken 
  

         
13:15 - 14:00  Hidde de Jong  France 

     Gene regulatory networks in bacteria: from structure to dynamics 

14:00 - 14:25  Johann de Jong  CGC (PhD) 

     Oncogene discovery by direct association of insertion features with gene expression 

14:25 - 14:50  Martijn van Iersel  NBIC (postdoc) 

     Adapting pathway visualisation tools to systems biology standards 

14:50 - 15:15  Marieke Simonis  CGC (postdoc) 

     Transcriptional networks in a genetic model system 

         15:15 - 15:30  Wrapping up & closing   

         15:30 - 16:15  NCSB-PI meeting   

     
Meeting of NCSB group leaders 
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Beard - Keynote 
 
Systems analysis of metabolic function in the heart: from molecules to cells to whole-organ 
function 
 
Daniel A. Beard 
 
Biotechnology and Bioengineering Center, Department of Physiology, Medical College of Wisconsin 
 
How is energy metabolism controlled in the heart in vivo? How and why is homeostatic control of the 
energetic state of the myocardium disrupted in disease? We have addressed these questions using a 
biochemical simulation and analysis approach that makes use of the broadest available set of in vitro and in 
vivo data, and is consistent with applicable physical chemical theory. Simulating cellular metabolism using 
this framework, we are able to design experiments to probe biochemical function with increasing depth. 
The experiments, in turn, lead to more sophisticated and reliable models in an iterative process of 
validation and refinement. This approach has allowed us to elucidate the major feedback pathway 
responsible for regulating the rate of oxidative ATP synthesis in the heart and to determine why depletion 
of certain metabolite pools in heart disease leads to a loss of metabolic stability. Ongoing initiatives are in 
building a strategic infrastructure of databases and software tools for integrating data and models into 
cohesive representations of cellular biochemical systems. 
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Bennett - Keynote 
 
{ȅǎǘŜƳǎ ŀƴŀƭȅǎƛǎ ƻŦ ƭŀǘŜǊŀƭ Ǌƻƻǘ ŘŜǾŜƭƻǇƳŜƴǘΥ ŀƴ ŜƳŜǊƎƛƴƎ ǎǘƻǊȅΧ 
 
Alistair Middleton, Benjamin Peret, Andy French, Darren Wells, Ute Voss, Leah Band, Oliver Jensen, Tony 
Pridmore, John King & Malcolm J. Bennett 
 
Centre for Plant Integrative Biology (CPIB), University of Nottingham, UK. 
 
The Centre for Plant Integrative Biology (CPIB) at the University of Nottingham is creating a virtual root 
model as an exemplar for using Integrative Systems Biology (ISB) to model multi-cellular systems. CPIB 
brings together biologists, engineers, mathematicians and computer scientists to generate new data, 
biological resources and virtual models of plant roots that will aid understanding of how they grow and 
develop. The research programme involves multidisciplinary teams working simultaneously in sub-
programmes at the molecular, cellular and organ scales. 
Our systems approach involves creating increasingly sophisticated multiscale models of plant development, 
populating them with experimental data, and then testing their predictive ability. Multiscale models 
integrate information about the gene regulatory networks and tissue geometries in which developmentally 
important signals, such as auxin, operate. I will describe how a multiscale modelling approach is proving 
essential to understand complex, multi-cellular experimental systems and obtain new biological insights. 
My presentation will focus on Arabidopsis lateral root development. In Arabidopsis lateral roots (LRP) 
originate exclusively from pericycle cells located deep within the parental root, necessitating that new 
primordia emerge through several overlaying tissues (reviewed in Peret et al, 2009). LRP development is a 
highly regulated process involving the active participation of cells in both new lateral root primordia and 
the parental root (Swarup et al, 2008). This study revealed that auxin originating from the developing LRP 
acts as a local inductive signal which reprograms adjacent cells, causing cell separation, to facilitate organ 
emergence. Multiscale models have been developed that successfully simulate the spatial expression 
patterns of components of the lateral root emergence pathway (Peret et al, in preparation). Our modelling 
approach reveals the importance of accurately capturing the non-linear topology of the gene regulatory 
networks (Middleton et al, 2010) and tissue geometries in which auxin signals.  
Swarup et al [2008] Nature Cell Biology 10:625-628 
Peret et al [2009] Trends in Plant Science 14:399-408 
Middleton et al [2010] Bull. Math. Biol. 72: 1383-1407 
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Berg - Poster 
 
Ablation of the hypothalamic suprachiasmatic nucleus disrupts circadian control of energy 
metabolism and impairs whole body insulin sensitivity 
 
Sjoerd A.A. van den Berg a,*, Eliane A. Lucassen b, Claudia P. Coomans c, Jan Bert van Klinken a, Thijs 
Houben b, Chun-Xia Yi d, Andries Kalsbeek d,e, Nienke R. Biermasz c, Ko Willems van Dijk a,f,  Johannes A. 
Romijn c, Joke H. Meijer b 
 
Departments of a Human Genetics, b Molecular Cell Biology, c Endocrinology, f General Internal Medicine, 
Leiden University Medical Center, Leiden, The Netherlands and Department of d Hypothalamic Integration 
Mechanisms, Netherlands Institute for Neuroscience and e Department of Endocrinology and Metabolism, 
Amsterdam Medical Center, University of Amsterdam, Amsterdam, The Netherlands 
 
Background 
Circadian desynchronisation (CD) has been recognized as a risk factor for the development of obesity, type 
2 diabetes and the metabolic syndrome. Shift work and jet lag are common forms of CD in the modern 
society, and both forms of CD have been associated with impaired energy homeostasis. The adverse effects 
of CD on energy balance may be due to the abnormal circadian pattern of energy intake, low levels of 
physical activity or low levels of non exercise related energy expenditure. In addition, CD associated 
disturbances in energy balance may be causally involved in the development of glucose and lipid 
intolerance.  
Methods 
Energy balance was studied in suprachiasmatic nucleus (SCN) ablated C57Bl/6 mice as a model of CD, and 
focussed on the circadian pattern of energy intake, energy expenditure and physical activity. In addition, 
we determined the respiratory exchange rate (RER) as a measure of metabolic substrate utilisation. At the 
end of the study, we assessed the effect of CD on insulin sensitivity by hyperinsulinemic-euglycemic clamp 
analysis using radioactive tracer dilution methods. This enabled the determination of hepatic versus 
peripheral insulin sensitivity. 
Results 
In control animals, nocturnal levels of physical activity, energy expenditure and food intake as well as RER 
were significantly higher compared to diurnal levels (p<0.01, for all comparisons). SCN ablation resulted in a 
complete loss of this circadian rhythm, characterized by an absence of nocturnal-diurnal differences at all 
measured parameters (p>0.7 for all comparisons). Between group comparisons revealed that in SCN 
ablated animals, physical activity levels were constantly lower whereas energy intake levels were higher 
compared to control animals. This resulted in an aggravated development of obesity in SCN ablated animals 
compared to controls (0.047 ± 0.01 and 0.27 ± 0.04 g/day in control and SCN ablated animals, respectively). 
Under euglycemic clamp conditions, the steady state glucose rate of infusion was significantly reduced in 
SCN ablated animals (139.2 ± 9.0 versus 65.3 ± 11 micromol/h in control and SCN ablated animals, 
respectively, p<0.01). The estimation of the tissue specific insulin sensitivity from the radioactive tracer 
dilutions are currently being performed. 
Conclusion 
Targeted ablation of the suprachiasmatic nucleus results in a loss of circadian rhythm, aggravated obesity 
and impaired insulin sensitivity in C57Bl/6 mice. Future work is needed to determine the contribution of 
reduced physical activity and elevated food intake to the phenotype of the SCN ablated C57Bl/6 model. 
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Besten - TIFN - Poster 
 
The impact of short-chain fatty acids on mouse metabolism 
 
Gijs den Besten, Karen van Eunen, Barbara M. Bakker and Dirk-Jan Reijngoud 
 
Center for Liver Digestive and Metabolic Diseases, University Medical Center Groningen, University of 
Groningen, Groningen, The Netherlands 
 
The decrease in energy expenditure and increase in energy intake, especially seen in the Western world, 
disrupts the energy balance and can lead to diseases like obesity and type 2 diabetes. In recent decades it 
has become more and more clear that food intake is strongly linked with health. Consumption of 
fermentable dietary fibers lowers blood cholesterol levels and helps to normalize blood glucose and insulin 
levels. The main end products of bacterial fermentation of fibers in the large intestine, acetate (C2), 
propionate (C3), and butyrate (C4), are found to be of high importance for colonic health maintenance. 
These short chain fatty acids (SCFAs) are produced by bacteria in the large intestine, from non-digestible 
carbohydrates which pass the small intestine unaffected. In the large intestine, 95% of the SCFAs are 
absorbed and 70-80% of butyrate is immediately oxidized by the colonocytes. Acetate, propionate, and the 
remainder of butyrate are transported mainly to the liver where they are used as substrates for oxidation, 
lipogenesis, and gluconeogenesis. Furthermore, mainly butyrate but also propionate induce strong gene 
regulation by inhibition of class I and class II histone deacetylase.  
With respect to the impact of SCFAs on mouse metabolism we distinguish two separate research questions: 
1. What is the fate of SCFA in the mouse?  
2. What is the regulatory role of SCFA on the energy metabolism of the mouse? 
For our studies we will use a semi-synthetic diet which mimics the fatty acid and carbohydrate composition 
of the average human diet in Western societies. By changing the composition of the semi-synthetic diet, we 
will study the effects of digestible and fermentable carbohydrates in mice. With the use of a 
hyperinsulinemic euglycemic clamp, stable isotope technologies, and indirect calorimetry measurements 
we will study the effects of the semi-synthetic diet on insulin sensitivity, glucose and lipogenesis fluxes, and 
whole body energy metabolism, respectively.   
To link these whole-mouse studies to the underlying biochemistry of fatty-acid metabolism, we developed 
an in vitro method to study the oxidation of fatty acids by isolated liver mitochondria. Initial data will be 
presented on the mitochondrial oxidation of fatty acids of different chain lengths.  
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Bijos - CGC - Poster 
 
Studying the biology of insertion mutagenesis at systems level 
 
²ŀǎŜŜƳ !ƪƘǘŀǊмϝΣ 5ƻƳƛƴƛƪŀ .ƛƧƻǏнϝΣ WƻƘŀƴ ŘŜ WƻƴƎоΣ !ƭŜƪǎŜȅ Pindyurin2, Maarten van Lohuizen1, 
Lodewyk Wessels3 and Bas van Steensel2 
* These authors contributed equally to this work. 
 
1 Division of Molecular Genetics, 2 Division of Gene Regulation, 3 Division of Molecular Biology  Netherlands 
Cancer Institute, Plesmanlaan, Amsterdam, The Netherlands 
 
Cancer results from disruptions in molecular signalling pathways of the cell leading to  uncontrolled growth 
and proliferation. Insertional mutagenesis using slow transforming retroviruses and transposons is a 
powerful tool to identify these tumorigenic pathways and collaborative networks. However, presently there 
are some limitations to their use. First, insertions show significant biases, the molecular determinants of 
which are largely unknown. Secondly, the extent of the influence of the local chromatin environment on 
the expression status of the integrated vector is still unclear. Third, it is very difficult to predict which genes 
in the surrounding DNA will be affected by insertions. These limitations make the interpretation of insertion 
mutagenesis data very complicated. 
To improve our understanding of the integration bias and effects on gene expression of commonly used 
vectors we will study insertions and their effects in mouse embryonic stem cells. 
We are generating genome wide integration maps of lentiviruses and transposons in mES cells using high 
throughput sequencing. The mapping of these sites will provide a detailed catalogue of background 
insertion density of these vectors on the mouse genome. Furthermore, correlation of this data with the 
wealth of genome wide structural data in mES cells, including maps of chromatin states, transcription factor 
binding sites and DNA methylation profiles, will shed light on the mechanism behind the biases of these 
vectors and will give a systems view of their insertion preferences. This will allow better interpretation of 
insertional mutagenesis data and molecular mechanisms of cancer. 
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Blilou - Poster 
 
Networks regulating protein movement in the Arabidopsis root meristem 
 
Ikram Blilou, Ben Scheres 

 
Utrecht University 
 
In the Arabidopsis root meristem, a dynamic transcription factor networks regulate stem cell specification and 
meristem maintenance. One of the best studied subnetworks is that involving the SHR/SCR GRAS family 
transcription factors. It involves transmission of positional information between cell layers in the meristem. 
We have previously shown that JACKDAW (JKD, a C2H2 type transcription factor) regulates SHR movement 
and nuclear localization. Here we provide evidence that new members of the JKD clade act redundantly in 
this process, we show that their expression overlaps in the ground tissue and that they form protein 
complexes with SHR and SCR to control asymmetric cell division in the ground tissue. 
We also show that JKD controls epidermal cell fate and thus root hair patterning. 

 
  



 

NCSB2010Symposium_AbstractBook_20101018.docx pagina 26 / 94 

NCSB 2010 symposium 
Abstract book 
 

Ciapaite - CMSB - Poster 
 
Fiber type specific adaptations of skeletal muscle function in response to high-fat diet feeding in 
C57Bl/6J mice 
 
Jolita Ciapaite 1,2, Sjoerd A.A. van den Berg 3,2, Ko Willems van Dijk 3,2, Jeroen A.L. Jeneson 1,2 
 
1 Biomedical NMR, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, 
The Netherlands, 
2 The Netherlands Consortium for Systems Biology, 
3 Department of Human Genetics, Leiden University Medical Center, Leiden, The Netherlands 
 
Background and Aim 
Hypercaloric diets and lack of physical activity are among the main environmental factors contributing to 
the development of insulin resistance and type 2 diabetes. The aim of this study was to asses the effect of 
three different high-fat diets, which have been shown to induce peripheral insulin resistance in C57Bl/6J 
mice after 5 weeks of feeding (1), on the function of skeletal muscle. 
Materials and Methods 
Male C57Bl/6J mice (12 week old) were fed either low-fat diet (LFD, 10 kcal% fat from palm oil) or one of 
three high-fat diets (HFD, 45 kcal% fat from either lard (L), palm oil (PO) or palm oil supplemented with 
tristearin (POS) ad libitum for 5 weeks (n=8 animals per diet group)). The content of stearate was similar in 
HFD(L) and HFD(POS) (15.0% and 13.9%, respectively). Contraction parameters were determined in isolated 
extensor digitorum longus (EDL; fast twitch) and soleus (SOL; mixed slow/fast twitch) muscles using 
myography. Mitochondria were isolated from gastrocnemius muscle (GN; fast twitch) and the function was 
assessed using high-resolution respirometry. The activity of citrate synthase (CS), a mitochondrial marker 
enzyme, was determined spectrophotometrically in whole muscle homogenates (EDL, SOL and GN). The 
expression of myosin heavy chain (MHC) and troponin T (TnT) isoforms was determined using SDS-PAGE 
and immunoblotting techniques.  
Results and Discussion 
After 5 weeks of diet body weight was ~20% higher (p<0.001) in all three HFD-fed groups compared to LFD-
fed controls. Similar contraction tension, contraction time and tension-time integral but a significantly 
(p<0.05) higher relaxation time after twitch contraction was observed in EDL from HFD-fed animals (34% in 
HFD(L), 28% in HFD(PO) and 29% in HFD(POS)) compared to LFD-fed controls. This suggests impaired Ca2+ 
handling, which may also result from impaired ATP synthesis. However, HFD feeding had no effect on the 
maximal ADP-stimulated (state 3) oxygen consumption rate in isolated GN mitochondria oxidizing pyruvate 
plus malate and glutamate plus malate, suggesting that at least in the fast twitch muscle mitochondrial ATP 
synthesis was not impaired. 
In contrast to EDL, a decrease in the contraction tension (16% in HFD(L), 29% in HFD(PO) and 34% in 
HFD(POS)), tension-time integral (26% in HFD(L), 40% in HFD(PO) and 48% in HFD(POS)) and relaxation time 
(13% in HFD(L), 20% in HFD(PO) and 29% in HFD(POS)) during twitch contraction was observed in SOL from 
HFD-fed animals compared to LFD-fed controls. MHC isoform composition and CS activity in EDL, SOL and 
GN were similar in all diet groups, suggesting that HFD-induced changes in muscle contraction parameters 
were not caused by a change in muscle fiber type composition. However, we observed an altered TnT 
expression profile in SOL from HFD-fed animals manifesting in lower expression of TnT fast skeletal isoform 
(11% in HFD(L), 15% in HFD(PO) and 21% in HFD(POS)) and higher expression of TnT slow skeletal isoform 
(8% in HFD(L), 31% in HFD(PO) and 35% in HFD(POS)), which may at least partially explain lower tension 
during twitch contraction in SOL muscle.  
Conclusions 
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Al l three tested HFDs induced changes in muscle contraction parameters. The dietary fat-specific effects 
were more apparent in SOL (slow/fast twitch) than EDL (fast twitch). Moreover, the observation that the 
same HFD has different effects on the contraction parameters of fast twitch (EDL) and mixed slow/fast 
twitch (SOL) muscle suggests that the effects are fiber type specific. 
References 
1. van den Berg SA, Guigas B, Bijland S, Ouwens M, Voshol PJ, Frants RR, Havekes LM, Romijn JA, van 
Dijk KW. (2010) High levels of dietary stearate promote adiposity and deteriorate hepatic insulin sensitivity. 
Nutr Metab (Lond). 7:24. 
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Cruz - KC - Oral 
 
Temperature dependency of yeast central metabolism: experimental findings and modelling 
approaches 
 
A.L.B. Cruz, S.A. Wahl, W.M. van Gulik, J.J. Heijnen 
 
Bioprocess Technology Group, Department of Biotechnology, Delft University of Technology, Julianalaan 67, 
2628 BC Delft, The Netherlands 
Kluyver Centre for Genomics of Industrial Fermentation, P.O. Box 5057, 2600 GA Delft, The Netherlands 
Netherlands Consortium for Systems Biology, University of Amsterdam, Science Park 904, 1098XH 
Amsterdam, The Netherlands 
 
Temperature is a key parameter for growth and metabolic activity of microorganisms since it affects the 
rate and kinetic properties of all enzymes in the metabolic network. While the physiological changes have 
been well studied, the intracellular mechanisms and kinetic adjustments to temperature variations remain 
unknown.  
To analyze the changes of the metabolome and fluxome, a reproducible sequential-batch setup under 

obtained was used to calculate the extracellular rates (qmax(T)). The temperature dependency of these 
rates could be described using a simplified model from Ratkowsky et al. (1983). 
Also the response to fast temperature changes under glucose limited conditions has been studied using a 
chemostat setup. The effect of a shift- - -1 
has been evaluated. 
From both setups it was found that the anaerobic growth stoichiometry of S. cerevisiae hardly changes 
between 12 and 30 oC. Small changes were however observed for the production rates of organic acids. 
The data from batch and chemostat experiments has been used to parameterize a black-box model with 
temperature dependency. The extracellular rates and growth under both conditions (batch and chemostat 
with fast temperature changes) are well reproduced.  
The information gathered about intracellular metabolite levels, together with enzyme activity 
measurements, will be used to identify a multi-scale temperature dependent in-vivo kinetic model for yeast 
glycolysis. The obtained model will elucidate which regulatory mechanisms and key metabolites are 
responsible for yeast adaptation to low temperatures. Ultimately this will give hints for process design and 
strain improvement programs. 
References 
Ratkowsky,D.A., Lowry,R.K., McMeekin,T.A., Stokes,A.N., and Chandler,R.E. (1983) Model for bacterial 
culture growth rate throughout the entire biokinetic temperature range.  J.Bacteriol., 154:1222-1226. 
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Deinum - CBSG - Oral 
 
Underground comparative development: nodules and lateral roots 

 
Eva Deinum1, Bela Mulder1,2 , Ton Bisseling3 
 
1 Department of theoretical Cell Physics, AMOLF, Amsterdam 
2 Lab of Plant cell Biology, Plant Sciences Group, Wageningen UR 
3 Lab of Molecular Biology, Plant Sciences group, Wageningen UR 
 
Legumes are a special plant family: when the soil contains insufficient nitrogen sources (NH4+, NO3-), they 
develop root nodules, small structures containing symbiotic Rhizobia that fix atmospheric nitrogen (N2). 
Nodule development is controlled by plant hormones, chiefly Auxin and Cytokinin, as holds for lateral roots. 
Despite the similar players involved, their morphologies are quite different. 
The central question in this project reads as follows: Is it possible to understand these morphologies as the 
results of similar disturbances of the same steady state root system? 
At the moment, we are developing a computer model of hormone transport and interaction to investigate 
this question. Different assumptions about the underlying mechanisms turn out to yield different patterns, 
which we try to feed back to experiments. 
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Modelling of fatty acid b-oxidation 

 

Karen van Eunen, Gijs den Besten, Dirk-Jan Reijngoud and Barbara M. Bakker 

 

Department of Pediatrics, Center for Liver, Digestive and Metabolic Diseases, University Medical Center 

Groningen, University of Groningen, Groningen, The Netherlands 

 
The major end products of bacterial metabolism in the mammalian large intestine are the short-chain fatty 
acids (SCFAs). The dominant SCFAs involved in the physiology are the straight-chain fatty acids butyrate 
(C4), propionate (C3) and acetate (C2). It is believed that there is a relation between the microbial activities, 
the SCFAs and the development of obesity (1). The balance between lipid synthesis and oxidation plays 
therein an important role. To study this balance and the role of the SCFAs in lipid synthesis and oxidation 
we will develop a computational kinetic model of both processes. The mouse will be used as model 
organism. 
We hav -oxidation of fatty acids. An existing kinetic 
model was used as the starting point (2, 3). The latter model, however, ignored the fact that intermediate 
acyl-CoA esters of different chain lengths are metabolized by a shared set of enzymes (4, 5). Key 
improvements in our model will be (i) the implementation of specificities of these enzymes for substrates 
of different chain lengths and (ii) the competition between these substrates for the shared enzymes. The 
first results suggest that this competition may have a substantial influence on the concentrations of the 
intermediate metabolites of fatty acid b-oxidation. 
To obtain kinetic parameters and validate model predictions, we study fatty acid b-oxidation and the role of 
SCFAs experimentally in isolated mouse-liver mitochondria. We are currently optimizing the experimental 
conditions. Preliminary results suggest that the regulation of mitochondrial fatty acid b-oxidation may be 
more complex than hitherto thought. 
References 
1. Schwiertz, A., Taras, D., Schäfer, K., Beijer, S., Bos, N. A., Donus, C., and Hardt, P. D. (2010) Obesity (Silver 
Spring) 18, 190-195 
2. Modre-Osprian, R., Osprian, I., Tilg, B., Schreier, G., Weinberger, K. M., and Graber, A. (2009) BMC Syst 
Biol 3, 2 
3. Yugi, K. and Tomita, M. (2004) Bioinformatics 20, 1795-1796 
4. Ikeda, Y., Okamura-Ikeda, K., and Tanaka, K. (1985) J. Biol. Chem 260, 1311-1325 
5. Izai, K., Uchida, Y., Orii, T., Yamamoto, S., and Hashimoto, T. (1992) J. Biol. Chem 267, 1027-1033 
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Development of a genome-scale model on the formation of flavour compounds by Lactococcus 
lactis MG1363 
 
Nicolas A. L. Flahaut 1,2, Bert van der Bunt 1,3, Anne Wiersma 1,3, Jeroen Hugenholtz 1,3,4, Dirk Martens 6, 
Peter Schaap 2, Lolke Sijtsma 1,5, Willem M. de Vos 2 
 
1 Top Institute Food and Nutrition (WCFS), 6709 PA Wageningen, The Netherlands 
2 Laboratory of Microbiology, WUR, 6703 HB, Wageningen, The Netherlands 
3 NIZO food research BV, 6710 BA Ede, The Netherlands 
4 Kluyver Centre for Genomics of Industrial Fermentation, 2628 BC Delft, The Netherlands 
5 AFSG, WUR, 6700 AA, Wageningen, The Netherlands 
6 Food and Bioprocess Engineering Group,WUR, 6700 EV Wageningen, The Netherlands 
 
Fermentation of dairy products by lactic acid bacteria (LAB) leads to tasty and healthy foods. Lactococcus 
lactis is a well known bacterium used in dairy products, especially in cheese production. In order to extend 
the knowledge of flavour formation by LAB, development of mathematical models will be instrumental to 
integrate the complex biological mechanisms involved. Our approach of the catabolism of the amino acids 
will be threefold. First, GC-MS analysis of the flavour compounds produced under several environmental 
conditions will improve the understanding of factors that control the flavour profiles of Lactococcus lactis. 
Second, fermentation experiments under regimes of different amino acid availability, in combination with 
bioinformatics approaches, will result in the definition of the metabolic pathways in charge of the 
formation of the flavour compounds. Third, microarray experiments will be used to identify the regulatory 
mechanisms involved in amino acid conversion. By coupling analytical and statistical techniques, the 
metabolic maps of Lactococcus lactis MG1363 will be extended with flavour forming pathways and their 
regulation. Thus, by integrative modelling using different methodologies (genome-scale model, metabolic 
flux analysis), we will be able to represent the formation of flavour compounds linked to the environmental 
condition and to the genetic characteristics of this lactic acid bacteria. 
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In-vivo-like maximum enzyme activities for Lactococcus lactis at varying growth rates: purely 
metabolic regulation? 
 
Douwe Molenaar, Willem de Vos, and Bas Teusink 
 
STW, KC, VLAG 
 
A new buffer for maximum enzyme activity measurements has been designed, to be as close as possible to 
the in-vivo-like conditions of Lactococcus lactis. Anaerobic chemostat cultures of L.  lactis MG1363 grown 
under glucose limitation at a dilution rate of 0.5 h-1 in chemically defined medium were analyzed for 
intracellular biochemical composition which was used in designing the in-vivo like buffer. A pH of 7.5 was 
chosen for all assays based on the intracellular pH of L.  lactis at an extracellular pH of 6.5. The buffer 
contains 400 mM potassium glutamate, 1 mM potassium phosphate, 50 mM NaCl, 2 mM Mg+2, metals: 
Mo, Ca, Co, Cu, Mn, Zn, Fe in micromolar quantities, and 100 mM HEPES for adequate buffering capacity. 
All enzymes of glycolysis and the fermentative pathway are measurable in this buffer, by coupling with the 
formation / consumption of NAD(P)H or CoA, and measuring absorption at 340 nm or 405 nm respectively. 
Measurements were carried out in 96 well plates and assays for all enzymes have been tested for 
reproducibility and linearity. 
This buffer was used to measure maximum enzyme activities of L.  lactis MG1363 grown under anaerobic 
conditions in chemically defined medium in glucose-limited chemostats at different dilution rates in 
triplicate viz. 0.15 h-1, 0.3 h-1 and 0.5 (duplicate) h-1. Results show that in the entire range of dilution rates 
(= growth rates), no large differences were found in maximum enzyme activities of both glycolytic and 
fermentative routes in spite of the large differences in extracellular metabolites and hence, metabolic 
fluxes. This indicates that central energy metabolism of L. lactis in chemostat cultures is predominantly 
metabolically regulated. 
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Measuring and predicting intestinal SCFA production 
 

Albert A. de Graaf, Koen Venema, and Marvin N. Steijaert 
 
TNO Quality of Life, P.O. Box 360, 3700 AJ Zeist, The Netherlands 
Top Institute Food and Nutrition (TIFN), PO Box 557, 6700 AN Wageningen, The Netherlands 
 
We have studied the association between gut microbiota, carbohydrate substrate and short-chain fatty acid 
(SCFA) production using the well-established TIM-2 intestinal model of the colon at TNO. Different SCFA 
production profiles were found in studies with [U-13C]inulin, starch, lactose and glucose, leading to the 
hypothesis that speed of fermentation determines production profiles of SCFA. Using terminal restriction 
length polymorphism fingerprinting of 13C-labeled 16S rRNA combined with analyses using the HITChip, 
different microbial species were identified that contribute to the metabolism of the different applied [U-
13C]substrates. Gut microbial pathways of SCFA formation were also shown to differ for the different 
labeled substrates as evidenced by LC-MS and NMR analysis of 13C isotopomeric composition of the SCFA.   
The regulation of SCFA-related metabolic processes in the host in vivo was studied invasively using an 
multicatheterized pig model, focusing on interorgan metabolism of 13C-acetate and 13C-butyrate. These 
experiments produced a series of unexpected results that, taken together, suggested that under a certain 
threshold production rate, SCFA will not even cross the colon epithelium.   
Pilot experiments in mice showed extensive incorporation of 13C label from [1-13C]butyrate peritoneally 
injected in mice into plasma amino acids.  
In an upcoming TIFN project supported by the Netherlands Consortium for Systems Biology, these and 
other relevant data will be combined with literature knowledge to develop computational models that can 
describe and predict how the interorgan availability of SCFAs in the host is modulated by the gut microbiota 
composition and chemical properties of intestinal substrates (prebiotics). 
 
References 
M. Egert et al., Identification of glucose-fermenting bacteria present in an in-vitro model of the human 
intestine by RNA-stable isotope probing. FEMS Microbiol. Ecol. 2007; 60(1): 126-135 
R.J.W. Meesters et al., Application of liquid chromatography-mass spectrometry to measure the 
concentrations and study the synthesis of short chain fatty acids following stable isotope infusions. 
J. Chrom. B: Analytical Technologies in the Biomedical and Life Sciences 2007; 854 (1-2), pp. 57-62 
K. Venema, A.A. de Graaf, and N.E.P. Deutz, Metabolic conversions of dietary carbohydrates by gut 
microbes. In: Dietary fibre ς components and functions (Hannu Salovaara, Fred Gates, Maija Tenkanen, 
Eds.), Wageningen Academic Publishers, Wageningen 2007. 
P. Kovatcheva-Datchary et al., Linking Phylogenetic Identities of Bacteria to Starch Fermentation in an in 
vitro Model of the Large Intestine by RNA-Based Stable Isotope Probing. Environ. Microbiol. 2009; 11 (4), 
pp.914-926 
A.A. de Graaf et al., Profiling human gut bacterial metabolism and its kinetics using [U-13C]glucose and 
NMR. NMR Biomed. 2010 (23): 2-12 
T.W. Binsl, A.A.de Graaf, et al., Determination of metabolic fluxes in metabolic non steady-state in faecal 
microbiota from a stable isotope experiment in an in vitro model of the large intestine. Manuscript in 
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Flavonol glycosidation in tomato 
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2  Bioscience, Plant Research International, Wageningen UR 
3 Keygene Inc., Wageningen, NL, Rockville, USA 
 
 
In this project we successfully reconstruct the metabolic network of flavonol glycosidation in Tomato 
seedlings. Flavonols are a type of flavonoid plant secondary metabolites, that are important for plant 
development. Recently there is increased interest in flavonols, because of their antioxidant capabilities. As 
is the case for most 
flavonoids, flavonols occur in a glycosidated form, with one or more sugar groups attached to the aglycone. 
Because many glycosyl transferases have a broad substrate specificity, it is not possible to predict their 
functioning in vivo. In this project we combine experimental and modeling powers present in the Plant 
Sciences Group of WUR to unravel the pathway of flavonol glycosidation. 
Starting from detailed measurements of flavonol glycosides concentrations, we deduce the mathematical 
models that describe the dynamical behavior of the underlying network. Its nodes are the different flavonol 
glycosides and the edges represent the possible transitions between them. The first task is to find the 
network topology, i.e., the positions of the edges. Biochemistry provides some information about 
transitions that are not possible, but this information is certainly not complete.  Second task is to estimate 
the interaction strengths, i.e., the kinetic rates, from the data. 
The concentrations of flavonol glycosides in the seedlings are measured on 5 subsequent days, so the data 
is available in the form of time series. This allows fitting a model formulated in terms of differential 
equations. 
In our approach the estimation of topology and kinetic rates is performed simultaneously. To that end we 
integrate possible models varying topology and rates and minimizing the sum of squares of the residuals 
between measured and simulated concentrations curves. 
This procedure led to elucidation of the pathway of the identified flavonol glycosides in the cotyledons, the 
upper parts of the seedlings. In view of the uncertainties in the data, we pay special attention to the 
reliability of the parameter estimates by studying the predicted dynamic behavior of the obtained pathway.   
Next tasks involve the study of similar networks in the other seedling parts, i.e., the hypocotyls and roots, in 
order to find out how position dependent our findings are. 
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Towards a web-based simulation experiment description repository 
 
Michael A. Guravage, Frederik R.D. van Parijs and Roeland M.H. Merks 
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As the field of Computational Systems Biology research grows, so do the number, size and complexity of 
the models it produces. Unfortunately, unless models and simulation models are sufficiently characterized 
and made available to the research community, their reuse will be minimal and reproducing simulation 
experiments becomes difficult. A consensus on experiment recipes that describe simulations using these 
models would encourage and facilitate model sharing and reuse. A set of guidelines specifying the 
Minimum Information About a Simulation Experiment (MIASE) proposes a common set of information 
necessary to reproduce simulation experiments that incorporate quantitative models. 
One instantiation of the MIASE guidelines is SED-ML - an XML schema that covers a subset of MIASE 
compliant simulations. In particular, SED-ML describes the models simulated, the simulation methods used,  
the tasks that pair models with simulations and the outputs produced. 
Here we present a web-based simulation and experiment repository  based on SED-ML. Implemented as an 
add-on product to the open-source content management system named Plone, the custom SED-ML 
content types faithfully represent the entities and relationships described in the SED-ML schema. The 
repository allows researchers to create, annotate, curate, search through, export and exchange simulations 
ŀƴŘ ŜȄǇŜǊƛƳŜƴǘ ŘŜǎŎǊƛǇǘƛƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ 9.LΩǎ ŜȄƛǎǘƛƴƎ .ƛƻaƻŘŜƭǎ ŘŀǘŀōŀǎŜΣ ǿƘƛŎƘ Ƙƻǎǘǎ ƻƴƭȅ 
biochemical models written in SBML, our repository will uniquely record any simulation experiment, 
including those written in C++, thus making the tool generally applicable to the types of simulation models 
used within the NCSB. We have extended the SED-ML schema to accommodate source-code models, and 
enriched the output types with images and animations. One of our future goals is to automatically 
reproduce an experiment expressed in SED-ML. Toward that end, each simulation and experiment 
description in our repository can be exported in SED-ML compliant XML. 
Using the SED-ML standard, you can describe quantitative models in the context of actual simulations in 
sufficient detail to reproduce your simulation results. By embedding SED-ML inside a content management 
system, our repository allows you to enrich your descriptions with experimental data and to annotate them 
with domain meta-information to facilitate classification, searching and cross referencing. We believe the 
synergy achieved by paring SED-a[Ωǎ ǇǊŜŎƛǎŜ ǎǘŀƴŘŀǊŘ ǿƛǘƘ tƭƻƴŜΩǎ ǎǳǇŜǊƛƻǊ ŎƻƴǘŜƴǘ ƳŀƴŀƎŜƳŜƴǘ 
functionality will help foster and improve model reuse within the  NCSB. 
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Continuous cultivation of Saccharomyces cerevisiae under diurnal temperature cycles 
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Temperature is known as a critical growth parameter for microorganisms since changes in growth 
temperature will have a deep impact on the catalytic properties of all enzymes in metabolic networks. 
Diurnal temperature cycles obliged microorganisms to evolve adaptation mechanisms to oscillating 
temperatures during evolution in natural environments. 
The overall aim of this study is to understand the kinetic and genetic regulatory strategies applied by 
Saccharomyces cerevisiae during evolution to adapt to diurnal temperature cycles. In addition to the 
acquired fundamental knowledge, this project will be relevant for industrial applications where low 
temperatures or temperature cycles are involved (e.g. brewing and baking). This study distinguishes itself 
from earlier studies on the physiology of yeast during steady state growth at constant temperatures of 12°C 
or 30°C (1,2). Furthermore it differs from numerous studies on the short-term dynamics of adaptation to 
ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎ όƛΦŜΦ ΨŎƻƭŘ ǎƘƻŎƪΩ ŜȄǇŜǊƛƳŜƴǘǎύΦ 
To investigate the physiology of Saccharomyces cerevisiae under dynamic temperature conditions, the 
strain CEN.PK 113-7D was cultivated in a glucose-limited anaerobic chemostat setup at a fixed specific 
growth rate of 0.03 h-1. After reaching steady state the strain was subjected to a dynamic temperature 
profile, in which the temperature was shifted from 30°C to 12°C and back (cycle length of 24 hours). The 
cultivations proved to be extremely reproducible. Each decrease in temperature from 30°C to 12°C resulted 
in the decrease in carbon dioxide production and the accumulation of residual glucose, revealing a 
temporary decrease in the specific glucose uptake rate. Unexpectedly, it also resulted in the consumption 
of the glycogen. Increasing the temperature from 12°C to 30°C consistently triggered a re-consumption of 
the accumulated residual glucose and thereby a transient increase in carbon dioxide production. Glycogen 
accumulation surprisingly resumed before the minimal temperature of 12°C was reached and kept on 
increasing as temperature rose.  
Future work will focus on the responses of the strain during temperature cycles at the genome-wide level 
by transcriptome analysis and on the multi-level analysis of glycolysis and glycogen metabolism, including 
measurements of transcript levels, in vitro activities of enzymes and intracellular concentrations of the 
relevant intermediates. 
 
1. Tai, S. L., Daran-Lapujade, P., Luttik, M. A. H., Walsh, M. C., Diderich, J. A., Krijger, G. C., van Gulik, W. M., 
Pronk, J. T., and Daran, J. M. (2007) Journal of Biological Chemistry 282, 10243-10251 
2. Tai, S. L., Daran-Lapujade, P., Walsh, M. C., Pronk, J. T., and Daran, J. M. (2007) Molecular Biology of the 
Cell 18, 5100-5112 
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Analysing the functional properties of the creatine kinase system using a multiscale 'sloppy' 
modelling approach 
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Background 
Distinct functions have been hypothesized for the creatine kinase (CK) enzyme catalyzing the reversible 
transfer of the high-energy phosphate group of ATP to creatine. In muscle cells, two CK isoforms might 
mediate (i) temporal energy buffering to maintain ATP homeostasis and (ii) energy transport from 
ƳƛǘƻŎƘƻƴŘǊƛŀ ǘƻ ƳȅƻŦƛōǊƛƭǎ Ǿƛŀ ǘƘŜ άǇƘƻǎǇƘƻŎǊŜŀǘƛƴŜ ǎƘǳǘǘƭŜέ ƳŜŎƘŀƴƛǎƳΦ IŜǊŜ ǿŜ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǊŜƭŀǘƛǾŜ 
importance of the two roles using a computational model [1].  Model simulations predict a contribution of 
CK to the net transcytosolic energy transport of less than 1/3. 
Materials and Methods 
The model is validated on experimental data from two scales: kinetic parameter measurements on the 
enzyme level and response times of oxidative phosphorylation in whole cardiac muscle.  
To account for possible inaccuracies in the 22 model parameters, we sample a Bayesian ensemble of 
ǇŀǊŀƳŜǘŜǊ ǎŜǘǎ ǿƘƛŎƘ ŀƭƭƻǿǎ ǳǎ ǘƻ ǎŜǘ ŎƻƴŦƛŘŜƴŎŜ ǊŜƎƛƻƴǎ ƻƴ ƳƻŘŜƭ ǇǊŜŘƛŎǘƛƻƴǎΦ Lƴ ǘƘƛǎ ΨǎƭƻǇǇȅΩ ƳƻŘŜƭƛƴƎ 
approach [2], the likelihood of a parameter combination to be included in the ensemble is proportional to 
its likelihood to predict the data. We use prior information on single parameter values from enzyme kinetic 
measurements to constrain them within their measurement errors. 
Results 
From the ensemble, we predict a contribution of CK to the overall energy transport of 15±8% (mean±SD). 
¢ƘŜ /Y ǎȅǎǘŜƳ ŘŀƳǇǎ ǘƘŜ ǇǳƭǎŜǎ ƻŦ !¢t ƘȅŘǊƻƭȅǎƛǎ ƻŦ  отср ˃aϝǎ-1 during cardiac systole about 20 fold. CK 
inhibition by 98% increases the amplitude of ATP synthesis from 215±23 to 566±31 ˃ aϝǎ-1 (see Figure 1).  
Prediction of ATP synthesis rate for full CK activity and CK inhibition by 98%. The plot shows the steady 
state values of the last second of a simulation over 60 seconds. Note that the plotted regions show the 95% 
confidence interval between upper and lower bound of the simulation of a parameter ensemble containing 
~500 parameter sets. Model input is a forcing function simulating pulsatile ATP hydrolysis in the beating 
heart, plotted in black. 
Conclusion 
Our findings clearly support the hypothesis that CK acts as a high capacity temporal energy buffer damping 
energy peaks rather than being an essential energy transport system. 
References 
1. van Beek, J.H.G.M., Adenine nucleotide-creatine-phosphate module in myocardial metabolic system 
explains fast phase of dynamic regulation of oxidative phosphorylation. Am J Physiol Cell Physiol, 2007, 
293:C815-C829. 
2. Gutenkunst, R.N., et al., Universally sloppy parameter sensitivities in systems biology models. PLoS 
Comput Biol, 2007, 3:1871-1878. 
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Genome-scale models predict that cost of glycolysis is key to inefficient metabolism 
 
Milan van Hoek,  Roeland Merks 
 
CWI-NCSB , Science Park 123, 1098XG Amsterdam 
 
Inefficient metabolism is ubiquitous among micro-organisms, even if they have a functioning pathway 
which yields more ATP per nutrient molecule. For example, the yeast Saccharomyces cerevisiae produces 
ethanol aerobically at high glucose concentrations.  Similarly, many cancer cells ferment glucose to lactate, 
rather than oxidizing it to water and carbon dioxide, a phenomenon called the Warburg effect. This 
counterintuitive phenomenon is traditionally attributed to "overflow metabolism", which assumes that the 
efficient pathway has a maximum capacity with any "overflow" spilling over into the inefficient pathway. 
Overflow metabolism cannot explain why many micro-organisms completely switch off the efficient 
pathways at high glucose concentrations. Taking into account that cells have only a limited cellular volume, 
we show that investing into inefficient fermentation at the expense of more efficient pathways is the most 
favourable strategy at high glucose concentrations, if glycolysis proteins are fast and small. We were able to 
quantitatively predict by-product secretion in four genome-scale metabolic models of micro-organisms. 
Thus we predict that protein cost of central carbon metabolism, in particular glycolysis, determines 
whether cells switch to inefficient metabolism. Our model accurately reproduces protein abundances of 
efficient and inefficient pathways in genome-scale proteomic data of  S. cerevisiae in rich medium. 
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Using In vitro and in silico gut models to understand colonic short chain fatty acid production 
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The mammalian gut microbiota in the colon acts as a highly complex organ, consisting of hundreds bacterial 
species who together form a food web that breaks down food fibres we cannot break down ourselves. The 
main gut microbial products of food fibre carbohydrate fermentation are short chain fatty acids (SCFAs). 
These SCFAs account for  5-15% of the total energy intake of humans. SCFAs, especially butyrate, play an 
important role in colonic health (Hamer et al. (2008)). Different food fibres yield different profiles of 
concentrations of SCFAs. These differences arise from differences in inherent chemical properties of the 
food fibres as well as from differences in the microbiota composition By combining in vitro and in silico 
modeling of the colon, we hope to gain more insight into how these factors determine the SCFA profile. 
Such knowledge will open possibilities of targeted design of carbohydrate properties and/or modulations of 
the gut microbiota so as to improve intestinal health.  
Apart from the fact that in vivo experiments are often hard to perform or very costly, complex systems can 
sometimes only be understood by reducing them to their essence. Therefore we use in vitro and in silico 
modeling to study SCFA production in the colon. TNO has developed an in vitro model of the large intestine 
(TIM-2, Minekus et al. (1999)) which has been validated and tested with a variety of fermentable 
substrates. Dependent on the substrate, short chain fatty acids (SCFA) were produced in different 
quantities. Detailed analyses of fermentations involving stable isotope-labeled substrates starch, inulin, 
lactose and glucose were performed. These data will be used in the near future (recently started TIFN SCFA 
project) to model the impact of chemical properties on the SCFA profile. The core modeling group of the 
Netherlands Consortium for Systems Biology (NCSB), has developed an in silico, spatially explicit, model of 
the colon. Bacterial metabolism is incorporated realistically using genome-scale metabolic models. On each 
timestep, intracellular metabolism of every cell is calculated using a method called flux balance analysis. 
This method maximizes the growth rate of the cell, given the (maximal) uptake fluxes of metabolites. 
Metabolite concentrations are updated using the calculated uptake and excretion rates. Influx of 
metabolites, possibly uptake by the host, flow through the colon and diffusion are taken into account.  
As a first test, we have compared SCFA production in the TIM-2 in vitro model (de Graaf et al. 2010) and the 
in silico gut model for the substrate glucose. We found surprisingly good agreement between the two, 
taken into account that (at this moment) only one bacterial species was included in the in silico model. We 
observed cross-feeding on fermentation products, both in the in silico simulations and the TIM-2 in vitro 
model. Combining the strength of the in vitro and in silico gut model, we hope to gain a better 
understanding of which factors determine SCFA production in the gut.  
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