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Welcome note

Dear colleagues,
It is our great pleasure to welcome you to the 2016 meeting of the International Study
Group for Systems Biology (ISGSB) in Jena. As you know, the biennial ISGSB meetings
are devoted to advancing the biological sciences by exploring the interplay between
mathematical modelling, computer simulation and wet-lab experiments. ISGSB (formerly BTK) had dealt with topics of Systems Biology even before that term was coined.
Models can be presented and discussed in more detail than usual at other conferences.
Moreover, as in some earlier meetings, there will be special scientific and social activities by the Y(oung)SGSB (early career ISGSB).
ISGSB 2016 is devoted to the memory of one of the founders of Systems Biology, Reinhart Heinrich (1946–2006). His sudden death was a shock to the community. A decade
later, we want to come together to exchange and discuss scientific ideas in his lively and
innovative spirit. We are honoured to announce that Tom A. Rapoport (Harvard) will
present the Reinhart Heinrich lecture. Together with him, Reinhart established Metabolic Control Analysis in the early 1970s (in parallel to Henrik Kacser and Jim Burns in
Edinburgh). As many of you remember, Reinhart liked telling jokes and anecdotes and
played the violin. Thus, let us enjoy the social programme in his spirit as well.
Jena is a lively city shaped by Science. The university (founded in 1558), Max PlanckLeibniz- and Fraunhofer institutes, the Carl Zeiss Jena GmbH and many biotech companies
with young and dynamic researchers provide an incredible impetus to the city. On a
larger scale, Germany provides an excellent framework for research in Systems Biology,
as witnessed by the numerous funding schemes by the German Ministry of Education
and Research (e. g. “GerontoSys” and the “Virtual Liver Network”) and other agencies.
Our meeting will cover several topics of Systems Biology in various sessions. Abstracts
(including those of posters) are printed in this brochure and (unless authors specifically
object to this) made available online. The proceedings will be published in Biochemical
Society Transactions by invitation; for each talk and the three best posters, a minireview can be submitted. Due to the large number of excellent submissions, it was very
difficult to select the contributed talks. In the spirit of ISGSB, poster sessions are very
important and will hopefully inspire many fruitful discussions.
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Welcome note
We thank the Deutsche Forschungsgemeinschaft (DFG) for generous sponsorship to
the meeting (by direct funding and via the Research Training Programme 1715 and the
Transregio 124 “FungiNet”), jenakultur for providing various conference materials and
the Thalia bookshop for the poster prizes. Moreover, we are very grateful to the Conventus Company (Jena), in particular Mrs. Kreutzmann, for excellent organisation, the
International Advisory Board of ISGSB for reviewing the abstracts and for advice, and
the session coordinators and chairs. We extend a special thank you to Johann Rohwer
(on sabbatical in Jena right now) for assistance. Regrettably, we cannot list all the numerous people who help(ed) us in making this meeting possible, but we thank all of them!
We are looking forward to an exciting meeting!

Stefan Schuster, Sybille Dühring and Sebastian Henkel
(on behalf of the organising committee)
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General Information
General terms and conditions
Please find our general terms and conditions at www.isgsb2016.de.
Parking
The location only offers very few parking spaces next to the main building at the
“Schlossgasse”.
You can either use the car parks “Neue Mitte” (Leutragraben 1) or “Eichplatz” (Eichplatz
square) both within walking distance of the conference venue.
City map
2

3

1

© Stadt Jena, JenaKultur/Stand: Oktober 2014

(1) The ISGSB meeting will take place at the Auditorium maximum in the main building
(Universitätshauptgebäude), Fürstengraben 1, 07743 Jena/DE
(2) The conference dinner (on Thursday, 18:45) will take place at the Panorama-Restaurant
Landgrafen, Landgrafenstieg 25, 07743 Jena.
(3) The career evening of the YSGSB (on Wednesday, 19:00) will take place at the Cafe
Wagner, Wagnergasse 26, 07743 Jena
Painting in the Main Auditorium
The painting is by Swiss painter Ferdinand Hodler (1909), entitled “Jena Students Depart
for the War of Liberation, 1813”
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General Information
Certificate of attendance
Certificates of attendance will only be made available on the last day of the conference
at the check-in desk.
Name badge
Please wear your name badge during all conference events, including the networking
activities. Admission to scientific sessions and to the poster exhibition is restricted to
participants wearing their badge. Participants will receive their name badge when collecting their conference documents at the check-in desk.
Cloakroom
The coat and luggage room at the conference is situated directly in the lecture hall and
is provided free of charge. However, it is unattended and the conference organisation
cannot accept any liability for damage or loss to personal items.
Opening hours
Check-In
Poster Exhibition

Tuesday
09:00–19:00
08:30–22:00

Wednesday
08:30–18:30
08:30–18:30

Thursday
08:30–16:30
08:30–16:30

Friday
08:30–14:00
08:30–13:00

Internet/WIFI access
In addition to Eduroam, a special conference WIFI is available free of charge throughout
the whole conference area. Please ask at the check-in desk for the login data.
Publication of abstracts
All abstracts of oral presentations and posters are published at the end of this programme book.
Poster sessions
All poster sessions will take place on the ground and first floors of the conference venue.
Poster session
Poster session
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Wednesday, 5 October
Thursday, 6 October

16:50–18:30 hrs
14:30–16:20 hrs

General hints for authors and presenters
Submission of a presentation/technical information
The presentation should be prepared as PDF, MS Office PowerPoint for Windows or
Keynote for Macintosh DVD in format 4:3.
A presentation notebook with a PDF reader and MS Office PowerPoint 2016 will be
provided. The use of personal notebooks is possible upon prior arrangement.
However, it may interrupt the flow of the programme in the lecture hall. The beamer
works with a VGA input. Please provide an adapter if necessary.
Presentation upload
It is possible to upload your presentation directly in the lecture hall. For submission,
please use a USB flash drive, CD or DVD disc that is not protected by any software.
Professional staff and equipment will be available for you to arrange and preview your
presentation.
To guarantee a smooth running programme please upload your presentation in advance:
at least 2 hours before your presentation is due to start. Should you wish to use nondigital equipment, please contact us at julian.unger@conventus.de.
Time allocation
Please prepare your presentation for the allotted amount of time. Chairs and moderators may interrupt should you overrun your time limit.
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Social and cultural programme
Guided tour Jena		
“Jena – between History and High-tech”
Important personalities studied and taught at the university which was founded in 1558. The poet Friedrich Schiller
taught here. The physicist Ernst Abbe and the entrepreneur Carl Zeiss developed pioneering optical products in
Jena. We will show you the Collegium Jenense, the birth© autofocus67 - Fotolia.com
place of the university, St. John’s Gate (Johannistor) and
the Powder Tower (Pulverturm), the market square with the historic town hall, the
City Church of St. Michael and much more.
Date
Meeting point

Costs

6 October 2016, 16:30–17:30
Friedrich-Schiller-University of Jena
Auditorium maximum
Fürstengraben 1/main entrance
07743 Jena/DE
7.50 EUR/person (English tour)
6.00 EUR/person (German tour)

Conference dinner
We would like to invite you to the conference dinner to the
“Panorama-Restaurant Landgrafen“.
We will commence together with a walk to the restaurant
to enjoy the breath-taking view over Jena as well as a delicious buffet.
© Landgrafen Restaurant & Event GmbH

Date
Meeting point
Venue
Costs

6 October 2016, 18:45–23:00
18:15 Main entrance of the
conference venue
Panorama-Restaurant Landgrafen
Landgrafenstieg 25
07743 Jena/DE
included in conference fee
40 EUR for accompanying persons

© Daniel Reichel
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Programme overview
Tuesday, 4 October
09:00–09:30
Registration YSGSB
09:30–10:55
YSGSB
Opening address
Infection modelling
Regulatory interactions

11:20–12:30
YSGSB
Plant physiology
Biological thermodynamics

Wednesday, 5 October

Thursday, 6 October

Friday, 7 October

09:00–10:50
Session 1
Infection modelling

09:00–10:50
Session 4
Biological thermodynamics

09:00–10:50
Session 6
Multiscale systems medicine

11:30–13:20
Session 2
Regulatory interactions and
signalling

11:30–13:20
Session 5
Optimality principles

11:30–13:20
Session 7
Metabolic pathway analysis

13:20–14:00
Closing ceremony
14:00–15:45
YSGSB
Optimality principles
Multiscale modelling
Metabolic pathways

16:30–17:00
Registration ISGSB
17:00–18:30
ISGSB
Opening
Welcome note
Reinhart Heinrich lecture

19:00
Welcome reception

14:30–16:20
14:30–16:20
Poster session
Session 3
Plant physiology and development

16:50–18:30
Poster session

19:00
YSGSB
Career evening

16:30–17:30
Guided tour Jena

18:45
Conference dinner

13

Scientific programme • Tuesday, 4 October
09:00

Arrival and registration YSGSB

09:30

Opening address
Sybille Dühring and Sebastian Henkel

09:45

Infection modelling
Jana Schleicher (Jena/DE)

10:20

Regulatory interactions
Sascha Schäuble (Jena/DE)

10:55

Coffee break

11:20

Plant physiology
Ruth Großeholz (Heidelberg/DE)

11:55

Biological thermodynamics
Adélaïde Raguin (Düsseldorf/DE)

12:30

Lunch

14:00

Optimality principles
Veronika Kopylova (Moscow/RU)

14:35

Multiscale modelling
Agnieszka Wegrzyn (Groningen/NL)

15:10

Metabolic pathways
Kailash Adhikari (Oxford/GB)

15:45

Coffee break

16:30

Registration ISGSB

17:00

Opening
Stefan Schuster (conference chair)

17:05

Welcome note
Thorsten Heinzel (Vice-president of Jena University)
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Scientific programme • Tuesday, 4 October
17:15

Reinhart Heinrich lecture (Opening lecture)
A tribute to Reinhart Heinrich and mathematical modeling
Tom Abraham Rapoport (Boston, MA/US)

19:00–21:00

Welcome reception
(partly in parallel, until 22:00) Music event for ISGSB – please bring
your scores and instruments
Foyer of the Auditorium maximum

Scientific programme • Wednesday, 5 October
09:00–10:50
Chairs

Session 1 – Infection modelling
Barbara Bakker and Manja Marz

09:00

Invited talk: Diversity of immune receptor repertoires
Aleksandra Walczak (Paris/FR)

09:35

Virtual infection-inflammation models of Aspergillus fumigatus in the
human lung
Sandra Timme (Jena/DE)

10:00

Estimation of merozoite release quantity during growth of
Plasmodium falciparum in red blood cell cultures
Maria Oosthuizen (Stellenbosch/ZA)

10:25

Mathematical modeling of plus-strand RNA virus genome replication
to identify potential drug targets
Carolin Zitzmann (Greifswald/DE)

10:50–11:30

Coffee break
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Scientific programme • Wednesday, 5 October
11:30–13:20
Chairs

Session 2 – Regulatory interactions and signalling
Ines Heiland and Johannes Wöstemeyer

11:30

Invited talk: The NAD metabolome – bioenergetics, signalling and
emerging therapeutic applications
Mathias Ziegler (Bergen/NO)

12:05

Inferring co-evolution in signaling proteins and regulatory RNAs by
maximum entropy based approaches
Alexander Schug (Eggenstein-Leopoldshafen/DE)

12:30

Collective behavior of beta cells in pancreatic tissue
Marko Marhl (Maribor/SI)

12:55

Modeling of signaling pathways in complex networks
Leonie Amstein (Frankfurt am Main/DE)

13:20–14:30

Lunch

14:30–16:20
Chairs

Session 3 – Plant physiology and development
Ursula Kummer and Günter Theißen

14:30

Invited talk: The Arabidopsis kinome – phylogeny and evolutionary
insights into functional diversification
Waltraud Schulze (Stuttgart/DE)

15:05

Mixotrophy in microalgae – diverse metabolic modes for utilisation
of organic carbon in relation to photosynthesis
Eva Albers (Gothenburg/SE)

15:30

Constraint-based analysis in developing tomato fruit reveals the
respiration climacteric
Sophie Colombié (Villenave d’Ornon Cedex/FR)

15:55

Multilevel modeling of ecosystems – Phaeodactylum tricornutum and
its associated microbial community
Antonella Succurro (Düsseldorf/DE)

16:20–16:50

Coffee break
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Scientific programme • Wednesday, 5 October
16:50–18:30

Poster session

19:00–22:00

Career evening for YSGSB
Café Wagner
Wagnergasse 26, 07743 Jena/DE

Scientific programme • Thursday, 6 October
09:00–10:50
Chairs

Session 4 – Biological thermodynamics
Marta Cascante and Yaroslav Nartsissov

09:00

Invited talk: Mechano-energetic coupling in cardiac pumping and
heart failure
Daniel Beard (Ann Arbor, MI/US)

09:35

Ultrasensitivity of multisite systems
Christian Mazza (Fribourg/CH)

10:00

Computer modeling of cytochrome c oxidase H+/e- efficiency
Viktoria Titova (Moscow/RU)

10:25

Thermodynamic and regulatory principles of the
Calvin-Benson-Bassham cycle
Oliver Ebenhöh (Düsseldorf/DE)

10:50–11:30

Coffee break
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Scientific programme • Thursday, 6 October
11:30–13:20
Chairs

Session 5 – Optimality principles
Christine Dillmann and Pu Li

11:30

Invited talk: Optimality, but not perfection
Edda Klipp (Berlin/DE)

12:05

Evaluating the stoichiometric and energetic constraints of
cyanobacterial diurnal growth
Alexandra-M. Reimers (Berlin/DE)

12:30

Identification of optimal strategies for state transition of complex
biological networks
Meichen Yuan (Hangzhou/CN)

12:55

Dynamic optimisation of pathway regulation reveals the unexploited
potential of toxic intermediates as drug targets
Jan Ewald (Jena/DE)

13:20–14:30

Lunch

13:45–14:45

Business meeting

14:30–16:20

Poster session

16:30–17:30

Guided tour Jena

18:45–23:00

Conference dinner at “Landgrafen”
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Scientific programme • Friday, 7 October
09:00–10:50
Chairs

Session 6 – Multiscale systems medicine
Gunnar Cedersund and Dominik Driesch

09:00

Invited talk: From systems biology to medical decision support
Steen Andreassen (Aalborg/DK)

09:35

Living on the edge – substrate competition explains loss of
robustness in mitochondrial fatty-acid oxidation disorders
Karen van Eunen (Groningen/NL)

10:00

Understanding disease and drug-effects at the whole body level in
malaria patients
Jacky Snoep (Stellenbosch/ZA; Amsterdam/NL; Manchester/GB)

10:25

Investigating hypotheses describing the negative brain responses in
fMRI using a systems biology approach
Sebastian Sten (Linköping/SE)

10:50–11:30

Coffee break

11:30–13:20
Chairs

Session 7 – Metabolic Pathway Analysis
Athel Cornish-Bowden and Johann Rohwer

11:30

Invited talk: Genome-wide prediction of resource allocation in bacteria
Anne Goelzer (Jouy-en-Josas/FR)

12:05

Application of Elementary Modes Analysis to a metabolic model of
Geobacillus thermoglucosidasius for optimisation of butanol yield
Hassan Hartman (Oxford/GB)

12:30

A vicious cycle in mammalian fatty-acid oxidation
Anne-Claire M. F. Martines (Groningen/NL)

12:55

Identification and applications of moiety conservation relations for
metabolic networks
Hulda Haraldsdóttir (Belvaux/LU)

13:20

Closing ceremony
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Poster sessions
Session 1 – Infection modelling
P1
Modeling the host-pathogen interactions of macrophages and
Candida albicans using game theory and dynamic optimisation
Sybille Dühring (Jena/DE)
P2

Dimensionality of motion but not receptor morphology governs
affinity of receptor-ligand binding as revealed by molecular
agent-based models
Teresa Lehnert (Jena/DE)

P3

Iron redistribution after Candida albicans infection in the
murine kidney
Theresia Conrad (Jena/DE)

P4

Investigating Candida albicans resistance in whole-blood assays
by virtual infection models using parallelised parameter estimation
Maria Prauße (Jena/DE)

P5

Simulation of the dynamics of primary immunodeficiencies in
CD4+ T-cells
Gabriel Teku (Lund/SE)

P6

Regulatory networks in the response of human monocytes to fungal
and bacterial pathogens
Michael Weber (Jena/DE)

P7

Mathematical modeling of plus-strand RNA virus genome
replication to identify potential drug targets
Carolin Zitzmann (Greifswald/DE)

P8

Influence of vitamins A and D on long non-coding RNAs of human
monocytes during infection with fungi A. fumigatus, C. albicans and
bacteria E. coli
Konstantin Riege (Jena/DE)

P9

Comparison of differentially expressed genes in two human cell lines
infected with Zaire and Reston Ebolaviruses
Nelly F. Mostajo Berrospi (Jena/DE)
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Poster sessions
Session 2 – Regulatory interactions and signalling
P11
Large scale heterogeneities create massive metabolic and
transcriptional responses in E. coli – elucidating regulatory kinetics
and ATP demands
Ralf Takors (Stuttgart/DE)
P12

Dopamine, norepinephrine, and serotonin produce no significant
effect on the growth of Lactobacillus acidophilus (helveticus) NK-1
Alexander Oleskin (Moscow/RU)

P13

Genome-wide gene regulatory network in the opportunistic human
pathogenic fungi Aspergillus fumigatus
Silvia Gerber (Jena/DE)

P14

Post-translational regulation of enzyme activity investigated by
protein-protein docking – sexual and parasitic communication of the
fungal fusion parasite Parasitella parasitica
Sabrina Ellenberger (Jena/DE)

P15

Polynomial parametric modeling of synthetic transcriptional circuits
in S. cerevisiae
Zhang Wei (Hangzhou/CN)

P16

Emergent network properties and entrainment in the mammalian
circadian clock
Christoph Schmal (Berlin/DE)

P17

A collection of mathematical models showing diauxic growth
behaviour
Andreas Kremling (Garching/DE)

P18

Enzyme kinetics within our GRASP – a sampling framework for
unravelling the feasible dynamic behaviour of metabolic reaction
networks
Pedro Saa (Brisbane/AU)

P19

Modelling the glucocorticoid receptor dimerisation cycle
Johann Rohwer (Stellenbosch/ZA)
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Poster sessions
P20

Modelling the stress response of the mTOR network
Patricia Navas (Oldenburg/DE), Sascha Schäuble (Jena/DE)

P21

Phase shifts and adaptations in glycolytic oscillations
David van Niekerk (Stellenbosch/ZA)

P22

Mathematical analysis of cellular noise during bimodal competence
development in Streptococcus mutans
Sayuri Hahl (Garching/DE)

P23

Operating regimes and trade-offs in the CAND1-mediated regulation
of SCF ligase activity
Ronny Straube (Erlangen/DE)

P24

Facilitation in rat pyramidal neurons can be explained by a single
mechanism
Rikard Johansson (Linköping/SE)

P25

Ultra-sensitivity in signal transducing ring assemblies
Shahid Khan (Berkeley, CA/US)

P26

Auto-correlation of high-precision NFkB oscillation data for dynamic
mean population models of TNFα signaling
Daniel Kaschek (Freiburg/DE)

P27

A phosphoproteome-wide mechanistic model of insulin signaling
William Lövfors (Linköping/SE)

P29

Synaptic and near-synaptic glycine transport – What is the reason to
be different?
Kiril S. Zaytsev (Moscow/RU)

P30

Studying the effects of fructose on hepatocyte metabolism through
HepatoDyn
Carles Foguet (Barcelona/ES)
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Poster sessions
Session 3 – Plant physiology and development
P31
Metabolic balance mediates seed germination – a population wide
integrative analysis of the effect of the environment and genetics on
the link between seed metabolism and germination
Aaron Fait (Sede Boqer/IL)
P32

Modeling phosphorus uptake of Chlorella vulgaris
Ines Hotopp (Düsseldorf/DE)

P33

Modelling metabolism of the diatom Phaeodactylum tricornutum
Dipali Singh (Oxford/GB)

P34

Dynamical modelling of the heat shock response in Chlamydomonas
reinhardtii
Stefano Magni (Düsseldorf/DE)

P35

Generation and experimental validation of the plant immune
signalling network
Ziva Ramsak (Ljubljana/Slovenia)

P36

The many routes to blooming as outcomes of a divergent selection
experiment for flowering time in maize
Christine Dillmann (Gif sur Yvette/FR)

P37

Characterising maize leaf mechanics through automated fitting of
tissue swelling data
Dirk De Vos (Antwerpen/BE)

P38

Modelling of the fast brassinosteroid-regulated response pathway
in the plasma membrane of Arabidopsis thaliana including cell
wall expansion
Ruth Großeholz (Heidelberg/DE)

P39

Genome scale metabolic models of A. thaliana and C. reinhardtii
help to investigate energy dissipation mechanism under supra
optimal light conditions
Kailash Adhikari (Oxford/GB)

P40

Modelling carotene desaturation via phytoene desaturase (PDS)
Mirjam Fehling-Kaschek (Freiburg/DE)
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Poster sessions
P41

The evolutionary footprint in the genes of Arabidopsis thaliana
Ovidiu Popa (Düsseldorf/DE)

P42

Dynamical models of glucosinolate metabolism in plants
Suraj Sharma (Düsseldorf/DE)

P43

GemTox – prediction of mixture toxicity using genome scale
metabolic models
Alexander Betz (Dübendorf/CH)

Session 4 – Biological thermodynamics
P44
FoF1-ATPsynthase proton transport modeling by
quantum-mechanical approach
Elena Mashkovtseva (Moscow/RU)
P45

Design Starch – stochastic modelling of starch granule biogenesis
Adelaide Raguin (Düsseldorf/DE)

P46

Stochastic simulation modeling of proton transport through
D‐channel in cytochrome c oxydase
Stanislav Boronovskii (Moscow/RU)

P47

Reduction of patient temperature by iced water-gastric cooling:
a systems biological approach
Milan Brumen (Maribor/SI)

Session 5 – Optimality principles
P48
A quantitative structural measure for concentration plasticity
in metabolism
Anika Kueken (Potsdam-Golm/DE)
P49

Towards robust, high-performance production strains:
constrained-based identification of strain designs leading to an
optimally growth-coupled product synthesis
Tobias Benedikt Alter (Aachen/DE)

P50

Cells balance enzyme and metabolite concentrations to optimally
utilise their compartments
Martin Lercher, Hugo Dourado
Veronica Maurino (Düsseldorf/DE)
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Poster sessions
P51

A minimal model of phototrophic growth to understand resource
allocation in cyanobacteria
Marjan Faizi (Berlin/DE)

P52

Inferring model errors and unmeasured system states with
incomplete models – the dynamic elastic net
Maik Kschischo (Remagen/DE)

P53

Why respirofermentation? – explaining the Warburg effect in tumour
(and other) cells by a minimal model
Philip Möller (Jena/DE)

P54

How introduce metabolite concentrations in constraint-based
modelling – An example with the tomato fruit?
Christine Nazaret (Bordeaux/FR)

P55

Spatial distribution analysis of tree topology in arterial system model
Veronika Kopylova (Moscow/RU)

P56

Model-based optimal control design for algal bioprocesses:
a theoretical study
Matthias Reinecke (Jena/DE)

P57

Model-based optimal control design for algal bioprocesses:
an experimental study
Tobias Weise (Jena/DE)

Session 6 – Multiscale systems medicine
P58
Zonation of hepatic fat accumulation under a high-fat diet:
modeling nutrient gradients and fatty acid uptake
Jana Schleicher (Jena/DE)
P59

Large systems biological models – challenges and solutions
Clemens Kreutz (Freiburg/DE)

P60

Modeling liver volume regeneration with linear elasticity
Daniel Ioan Cazacu (Bremen/DE)

P61

From genome-scale model predictions, via diverse “omics” data to
detailed pathway analysis in Refsum’s disease
Agnieszka Wegrzyn (Groningen/NL)
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Poster sessions
P62

Metabolic reprogramming in tumors by copy number co-alterations
of proximal enzyme-coding and cancer-causing genes
Rainer König (Jena/DE)

P63
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Tribute to Reinhart Heinrich and mathematical modeling
Tom A. Rapoport1
1

Boston Harvard Medical School/HHMI Department of Cell Biology, Boston, MA/USA

Mathematical modeling has been used for many years to better understand the com‐
plex behavior of biological processes. One of the pioneering applications of modeling
was the development of Metabolic Control Analysis (MCA), in which my late friend
Reinhart Heinrich played a major role. MCA is often considered to be a starting point
for the now popular field of Systems Biology. This talk will commemorate some of
Reinhart’s achievements, 10 years after his passing. I will talk in more detail about
our last project, which was directed towards an understanding of the generation of
cellular compartments connected by vesicular transport. More generally, I will em‐
phasize the role of quantitative thinking and modeling in biology, which is still not
fully appreciated. Modeling can be done in many different ways, but it is most effec‐
tive if it is relevant and understood by experimentalists, and if it provides mechanis‐
tic insight that cannot be gained without it.
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Diversity of immune receptor repertoires
Aleksandra Walczak1
1

Laboratoire de Physique Théorique, Ecole Normale Supérieure, Paris, France

The recognition of pathogens relies on the diversity of immune receptor proteins.
Recent experiments that sequence entire immune cell repertoires provide a new op‐
portunity for quantitative insight into naturally occurring diversity and how it is gen‐
erated. I will show how applying statistical inference to these recent experiments
that sequence entire B and T‐cell repertoires we can quantify the origins of diver‐
sity in these sequences and characterize selection acting on the somatic evolutionary
process that leads to the observed receptor diversity. I will also discuss the form of
optimal immune repertoires.
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Virtual infection‐inflammation models of Aspergillus fumigatus in the human lung
Sandra Timme1,2, Johannes Pollmächer1,2, Stefan Schuster2, Axel A. Brakhage2,3
Peter F. Zipfel2,4, Marc Thilo Figge1,2
1

Leibniz Institute for Natural Product Research and Infection Biology Hans Knöll Institute (HKI), Applied
Systems Biology, Jena, Germany
2
Friedrich Schiller University Jena, Faculty of Biology and Pharmacy, Jena, Germany
3
Leibniz Institute for Natural Product Research and Infection Biology Hans Knöll Institute (HKI), Molecular
and Applied Microbiology, Jena, Germany
4
Leibniz Institute for Natural Product Research and Infection Biology Hans Knöll Institute (HKI), Infection
Biology, Jena, Germany

Microbial invaders, such as the human‐pathogenic fungus Aspergillus fumigatus, are
ubiquitously present and pose the constant risk of infections, which are opposed by
various defence mechanisms of the human immune system. A tight regulation of the
immune response ensures clearance of microbial invaders and concomitantly limits
host damage, which is crucial for host viability. A. fumigatus is an airborne fungus
and thousands of its conidia are inhaled every day without recognisable inflamma‐
tion of the lung in immunocompetent organisms. However, in immunodeficient pa‐
tients or at higher infection‐doses the immune system might not be able to clear the
lung from the conidia before onset of germination 6 hours after entrance. Thereby,
A. fumigatus might cause severe infections like invasive pulmonary aspergillosis,
which is associated with high mortality rates ranging from 30–90%.
In a first study we developed an agent‐based to‐scale model of a human alveolus to
investigate the the mode of migration of alveolar macrophages (AM) that is needed
to find a conidium in less than 6 hours [1,2]. The model revealed that AM performing
a random walk are not able to detect the conidium within time. Rather a chemotactic
signal is needed that guides the AM in the direction of the conidium.
In a second study we investigated the dynamic infection‐inflammation counterplay
by development of a virtual model using the mathematical approach of evolutionary
games on graphs [3]. The invasion of A. fumigatus in lung alveoli was simulated as a
sequence of interconnected games, which resemble the layered structure of the in‐
nate immune system and allows investigation of different infection‐doses and im‐
mune cell activities. We showed that the inflammatory cascade of the immune re‐
sponse is essential for microbial clearance. In silico experiments revealed that
resident alveolar macrophages have a key role in the regulation of the immune re‐
sponse and that this regulatory effect depended on the strength of the infection‐
dose. At low infection‐doses, corresponding to daily inhalation of spores, macro‐
phages may be sufficient to clear infections. However, higher infection‐doses shifts
their primary task towards recruitment of neutrophils to infection sites.

33

ABSTRACTS TALKS
References
[1] Pollmächer J, Figge MT (2014) Agent‐based model of human alveoli predicts chemotactic signaling by
epithelial cells during early Aspergillus fumigatus infection. PLOS ONE 9(10), e111630.
[2] Pollmächer J, Figge MT (2015) Deciphering chemokine properties by a hybrid agent‐based model of
Aspergillus fumigatus infection in human alveoli. Frontiers in Microbiology 6(503)
[3] Pollmächer J, Timme S, Schuster S, Brakhage AA, Zipfel PF, Figge MT (2016) Deciphering the counter‐
play of Aspergillus fumigatus infection and host inflammation by evolutionary games on graphs. Nature
Scientific Reports [Accepted]

34

ABSTRACTS TALKS
Estimation of merozoite release quantity during growth of Plasmodium falciparum
in red blood cell cultures
Maria Oosthuizen1, Francois du Toit1, David van Niekerk1, Jacky Snoep1
1

Stellenbosch University, Biochemistry, Stellenbosch, South Africa

The lifecycle of the malaria parasite, Plasmodium falciparum, consists of multiple
forms in both the mosquito stage and the human stage. We focused on the human‐
infected blood stage form of the parasite, and in particular investigated the number
of merozoites that are released upon rupture of the infected red blood cell. Previous
studies on individual red blood cells using microscopy techniques showed that a wide
range of merozoites are released, i.e. 8‐32. We, however, used a total culture esti‐
mate on the basis of external lactate production by the parasites to estimate this
quantity.
Lactate production profiles were analysed using a detailed kinetic model for glycoly‐
sis and an exponential growth model for the parasite. The complete analysis includes
parasitaemia, haematocrit, lactate production by non‐infected red blood cells and
the inhibition of this production by P. falciparum.
We could estimate the number of merozoites that are released per lysed red blood
cell in a much narrower range of 16‐25. This study includes a sensitivity and identifi‐
ability analysis.
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Mathematical modeling of plus‐strand RNA virus genome replication to identify
potential drug targets
Carolin Zitzmann1, Marco Binder2, Lars Kaderali1
1
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2

Plus‐strand RNA viruses are the largest group of pathogens and a global burden for
human health, causing acute mild and severe infections as well as chronic diseases,
e.g. hepatitis C virus infection. These viruses share remarkable similarities in their
viral genome replication. After translation of the viral genome, the newly synthe‐
sized viral proteins together with host factors initiate cellular membrane rearrange‐
ments to establish a replication compartment where viral replication takes place.
This project is part of SysVirDrug ("Translating Systems Virology data into broad‐
spectrum antiviral Drugs"), which aims to identify host cell factors and pathways that
are essential for the viral genome replication to predict drug targets for antiviral
therapy.
The main objective of this project is to develop a model of plus‐strand RNA virus
replication described within a system of ordinary differential equations. The mathe‐
matical model represents the main viral replication processes from viral entry to vi‐
rus particle production and is used to understand cellular behaviour in cells infected
with hepatitis C virus, dengue virus, chikungunya virus, coxsackievirus B3, or SARS‐
coronavirus.
With quantitative measurements of viral RNA and protein (by a luciferase reporter
proxy) in hepatitis C virus replication the mathematical model was analysed. The ex‐
perimental data describe the initial dynamics and steady state phase of the viral re‐
production within the first hours after transfection of viral genomes. We reproduced
the dynamics of the hepatitis C virus with our mathematical model for viral minus‐
strand RNA, plus‐strand RNA, and viral protein production, i.e. luciferase activity.
In the future, the basic model will be adapted to other viruses and used to analyse
the replication dynamics of dengue virus, chikungunya virus, coxsackievirus B3, and
SARS‐coronavirus.
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The NAD metabolome – bioenergetics, signalling and emerging therapeutic
applications
Mathias Ziegler1
1

University of Bergen, Bergen, Norway

NAD is a vital molecule in all organisms. It plays a major role in all cells as substrate
for signal transduction and as cofactor in metabolic redox reactions, processes that
undergo critical changes in a variety of diseases. NAD+‐dependent signalling path‐
ways include poly‐ and mono‐ADP‐ribosylation, protein deacetylation by sirtuins and
generation of messengers involved in Ca2+ signalling. They regulate fundamental
events such as transcription, DNA repair, cell cycle progression and apoptosis and
also contribute to the control of metabolism. Since these signalling reactions include
degradation of NAD, perturbations of NAD supply can have severe consequences.
Given the increasing awareness of the biological roles of NAD, the routes, molecular
mechanisms and regulation of NAD biosynthesis have also become the subject of
intense research. The commonly known precursors of NAD biosynthesis are nicotinic
acid and nicotinamide (known as vitamin B3). However, their riboside derivatives
now appear to be of similar importance. Impressive progress has been made regard‐
ing the molecular identification, functional and structural characterisation as well as
regulation of the human NAD biosynthetic enzymes. Both phylogenetic analyses and
metabolic modelling approaches are increasingly contributing to the understanding
of this complex metabolic and signalling network. Exciting therapeutic concepts have
emerged, which aim at modulation of NAD availability by interfering with the biosyn‐
thetic network to prevent, reduce or reverse pathological conditions. In addition, the
targeting of specific NAD‐dependent regulatory processes bears great potential for
the treatment of diseases such as cancer, diabetes and neurodegenerative disorders.
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Inferring co‐evolution in signaling proteins and regulatory RNAs by maximum
entropy based approaches
Alexander Schug1
1

Karlsruhe Institute of Technology, Steinbuch Centre for Computing, Eggenstein‐Leopoldshafen, Germany

Protein function often requires a protein to form a complex or adopt multiple con‐
formations during its functional cycle. The increasingly ubiquitous availability of se‐
quential information for many protein families has given rise to a Maximum Entropy
based approach called Direct Coupling analysis [1], which traces amino acid co‐evo‐
lution to extract contact maps out of only sequence information. This is sufficient
information for the blind prediction of quaternary and tertiary protein [2,3] or RNA
structures [4]. We demonstrate for two‐component signal transduction systems
(TCS), a ubiquitous signal response system, how the two interacting partners are
structurally aligned [2,3] and how different sub‐families of TCS, which need to form
specific interactions with their signaling partners, can be identified based on ge‐
nomic data [unpublished data]. Similarly, we can infer mutational landscapes and
capture epistatic couplings between residues, and assess the dependence of muta‐
tional effects on the sequence context where they appear [5].
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Collective behavior of beta cells in pancreatic tissue
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Marjan Slak Rupnik3,4
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2

Beta cells in islets of Langerhans produce insulin and their collective responses at the
tissue level are crucial for appropriate calcium‐dependent secretion of this hormone.
It is speculated that several pathological states (e.g. diabetes mellitus) might appear
as consequences in dysregulation of the collective responses of beta cells [1]. In our
studies of the collective behavior of beta cells in islets of Langerhans we use experi‐
mental and theoretical approaches. Experimentally we combine the acute pancreas
tissue slice method with functional multicellular calcium imaging using confocal mi‐
croscopy. The data is used for further theoretical investigation. We apply advanced
analytical tools from the realms of the complex network theory in order to get better
insight into the functional organisation of beta cells in the pancreatic tissue. Our re‐
sults revealed that the functional networks of beta cells exhibit small‐world proper‐
ties, indicating that beta cells are organized in a functionally more efficient way than
simply operating in homogeneous regular lattices [2]. Furthermore, we showed that
beta cells within the islets are modularly organized in forms of locally clustered func‐
tional sub‐compartments [3]. The most recent results (unpublished data) shed new
light on the structure‐function relationship in islets of Langerhans and on the mech‐
anisms governing beta cell function, indicating that the self‐organising processes
play a crucial role in explaining the emergent collective behavior of beta cells. This
might help us to understand the effects of potential drugs at the multicellular level
and give hints for further pharmaceutical developments for treating the diabetes
mellitus, a devastating chronic metabolic disease, the diabetes mellitus, that in 2015
affected more than 400 million people worldwide and according to some prognoses,
this number is expected to rise to more than 600 million by the year 2040 [4]
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Modeling of signaling pathways in complex networks
Leonie Amstein1, Jennifer Scheidel1, Jörg Ackermann1, Simone Fulda2, Ina Koch1
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Signaling systems like the TNFR1 (tumor necrosis factor receptor 1) pathway process
environmental stimuli to mediate the adequate immune response ranging from cell
death induction to activation of gene expression. The signaling system is highly in‐
tertwined and forms a complex regulatory network. Mathematical network analysis
allows for decomposition into smaller, biologically meaningful modules and supports
to unravel system‐wide processes. Pathway detection remains an issue for the anal‐
ysis of signaling networks. Due to regulatory characteristics of signaling systems like
feedback loops, crosstalk or signal amplification, straightforward detection of signal
flows is often impaired. Petri nets have often been applied to model signal transduc‐
tion systems [1].
We introduce the concept of Manatee invariants to detect complete signal flows
from signal reception to cellular response. The concept of Manatee invariants is
based on feasible transition invariants [2] and combines interrelated transition in‐
variants. We apply the concept to a Petri net of TNFR1 signaling modeled and ana‐
lysed using MonaLisa [3]. In the network, especially processes of transcription factor,
NF‐κB, regulation exhibit feedback loops and amplifications which interrupt the de‐
tection of signal flows in the network. The compution of Manatee invariants yielded
the entire combinatorial diversity of possible signal flows. In silico knockout experi‐
ments based on Manatee invariants revealed biologically relevant results, since
pathway dependencies are properly captured. Applying Manatee invariants, even for
the knockout of NF‐κB, correct relations to upstream and downstream signaling pro‐
cesses were detected. Manatee invariants determine signal flows and reveal the es‐
sential pathway dependencies for in silico knockout experiments.
References
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The Arabidopsis kinome – phylogeny and evolutionary insights into functional
diversification
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Protein kinases constitute a particularly large protein family in Arabidopsis with im‐
portant functions in signal transduction pathways. Also, Arabidopsis is a model plant
with high frequencies of gene duplications. Here, we have conducted a systematic
analysis of the Arabidopsis kinase complement, the kinome, with particular focus on
gene duplication events. We matched Arabidopsis proteins to a Hidden‐Markov
Model of eukaryotic kinases and computed a phylogeny of 942 protein kinase do‐
mains.
The phylogeny showed two major clades of receptor‐like kinases and soluble kinases,
each of which was divided into functional subclades. Based on this phylogeny, asso‐
ciation of yet uncharacterized kinases to families was possible which extended func‐
tional annotation of unknowns. Classification of gene duplications within these pro‐
tein kinases revealed that representatives of cytosolic subfamilies showed a
tendency to maintain segmentally duplicated genes, while some subfamilies of the
receptor kinases were enriched for tandem duplicates. Although functional diversi‐
fication is observed throughout the subfamilies, some instances of functional con‐
servation among genes transposed from the same ancestor were observed. In gen‐
eral, a significant enrichment of essential genes was found among genes encoding
for protein kinases.
The prediction and analysis of syntenic blocks and duplication events within gene
families of interest can be used to link knowledge from functional biology and pro‐
teomics to insights from an evolutionary viewpoint. The constructed phylogeny al‐
lowed classification and annotation of yet uncharacterized kinases. The approach
undertaken here can be applied to any gene family in any organism with an anno‐
tated genome.
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Mixotrophy in microalgae – diverse metabolic modes for utilisation of organic
carbon in relation to photosynthesis
Joshua J. Mayers1, Oscar Svensson1, Eva Albers1
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The production of various high‐value compounds from photosynthetic microalgae is
receiving increased attention as a sustainable alternative to many industrial and ag‐
ricultural processes. However, achieving high and consistent growth rates is a poten‐
tial barrier to the realisation of these technologies, which could be addressed by
growing microalgae on organic carbon (C) sources even in the presence of light.
The utilisation of organic‐C can operate in several different metabolic modes in mi‐
croalgae, which are rarely studied and poorly understood. An improvement in
growth when supplied with organic‐C compared to autotrophic cultures often leads
to a strain being labelled as a mixotroph, but this is often a too broad and misleading
title.
Mixotrophs utilise the organic‐C source as both an energy and C source alongside
typical photosynthetic C‐fixation. However, several other sub‐categories of mixo‐
trophic growth regarding the timing and use of organic‐C have been identified. This
includes algae that are predominantly photoautotrophs, but supplement their
growth by organic‐C source utilisation during the dark phase or under light limitation,
i.e. obligate autotrophs with facultative heterotrophy. Furthermore, there are spe‐
cies only capable of utilising the organic‐C source in the presence of light, effectively
requiring the energy of photosynthesis to utilise the organic‐C, i.e. photohetero‐
trophs.
In this work, we have characterised the growth of four green freshwater microalgal
species on glycerol as an organic‐C source under conditions promoting auto‐, mixo‐
and heterotrophic growth (with and without glycerol in the light or dark). In addition,
some treatments were supplied with the pesticide, DCMU, to investigate if light is
required for the utilisation of glycerol. DMCU blocks electron flow from photosystem
II, but does not interfere with CO2‐fixation via the Calvin Cycle. In this way, we have
identified several of the subtypes of mixotrophy.
In the presence of DCMU, no strains were able to grow photoautotrophically,
whereas two strains could utilise organic‐C in the presence of DCMU, indicating func‐
tioning heterotrophic pathways. All strains grew on glycerol in the dark with and
without DCMU. Further investigation of Ankistrodesmus falcatus suggests that it only
utilises the C‐source during light‐limiting conditions or the dark phase. In this way,
this culture out‐performed purely autotrophic cultures with regards to growth rates
and final biomass concentration. Glycerol‐fed cultures decreased their chlorophyll
content as glycerol utilisation begins, whereas the carotenoid content was relatively
unchanged.
The implications of mixotrophic growth are both interesting from a physiological per‐
spective with regards to control of cellular energy balance and C‐fixation, but may
also prove to be important in the production of valuable algal biomass in locations
with poor light supply and the design of an optimal C‐source feeding scheme.
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Constraint‐based analysis in developing tomato fruit reveals the respiration
climacteric
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Our goal is to better understand how metabolism influences cell growth and quality
through a systems biology approach centred on fruit development. Mathematical
modelling of metabolism is particularly promising as it offers systems biology ap‐
proaches enabling the characterisation of the behaviour of complex metabolic sys‐
tems. In plant biology, tomato fruit is a model organism to study the development
of fleshly fruit including ripening initiation. Modelling fluxes through the metabolic
pathways, which supply cofactors and constituents for biomass synthesis, provides
an active depiction of metabolic phenotypes. Constraint‐based modelling like flux
balance analysis (FBA) allows the prediction of metabolic steady‐state fluxes by ap‐
plying mass balance constraints to a stoichiometric model.
We first developed a stoichiometric model describing the central metabolism of het‐
erotrophic plant cells in order to estimate metabolic fluxes during tomato fruit de‐
velopment (Colombie et al. 2015). A set of samples analysed for and structural traits,
metabolome and enzyme activities (Biais et al. 2014) has been used to constraint the
fluxes and the model has been solved on a daily basis throughout the tomato fruit
development.
A striking output of this modelling was a peak of CO2 release and a simultaneous
dissipation of excess energy at the onset of ripening (about 40 days post anthesis)
supporting the concept of respiration climacteric. Reactions describing the plant cy‐
tochromic respiration and its bypasses (alternative oxidase and uncoupling proteins)
have been added in the model and this energetic burst has been scrutinized. The
amount of starch stored during fruit growth appeared to be crucial. More exactly we
pointed out the unbalanced carbon allocation with the sharp slowdown of accumu‐
lation (for syntheses and storage) and the beginning of degradation from starch and
cell wall polysaccharides. With fruits harvested on plants cultivated under environ‐
mental stress conditions (water limitation and shading) modifying the fruit carbon
content, we confirmed the concept.
One major interest with constraint‐based modelling is the possibility to study the
energy metabolism under conditions where both redox and energy cofactors are bal‐
anced. Although respiration is essential for growth and maintenance of plant tissues,
this process is poorly investigated and integrated in plant or ecosystem models. Met‐
abolic modelling appears as a way to fill the gap in our knowledge of fruit respiration
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because it gets round the difficulty of measuring gas exchange of fruit attached to
the plant.
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Multilevel modeling of ecosystems – Phaeodactylum tricornutum and its
associated microbial community
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Large‐scale microalgae monocultures are prone to contamination by other organ‐
isms, resembling the natural evolution of ecosystems. The resulting microbiome can
be harmful or beneficial for the microalgae, but little is known about its characteris‐
tics. We present a mathematical model developed to understand the community dy‐
namics emerging in high‐volume (5L) Phaeodactylum tricornutum cultures, where
16S sequencing was performed at four time points over 36 days of diatom growth
monitoring to identify the dominant bacteria species present. Biological insights
gained from interpreting the dynamic variation in bacteria relative abundances mo‐
tivated the choice to build a model able to compromise between the complexity of
static Genome Scale Models (GSM) and the simplicity of dynamic Ordinary Differen‐
tial Equations (ODE) models.
Constraint based methods like Flux Balance Analysis (FBA) are powerful ways to in‐
vestigate reaction flux distributions of metabolic networks, including GSM, at the
steady state. Here however information on metabolite concentrations or reaction
kinetics is lost, making it impossible to capture the interaction between the organism
and the environment (the ecosystem). Furthermore, in order to find a unique solu‐
tion for the metabolic fluxes an objective function describing the optimisation strat‐
egy of the organism has to be defined. Natural ecosystems in general involve more
than two interacting organisms and the mechanisms regulating the behaviour of the
community are often far beyond the reach of individual objective function defini‐
tions. Another aspect lost in FBA is the action of cofactors, which are known to be
often exchanged for organic carbon sources in mutualistic consortia between algae
and bacteria.
To describe and understand the microbiome associated to Phaeodactylum tricornu‐
tum cultures we developed a mixed dynamic FBA and ODE model that allows to in‐
troduce cofactor dynamics, flexible optimality principles and low‐complexity regula‐
tion of interactions. This approach can already qualitatively capture the emerging
ecosystem dynamics and further experiments are planned to bring this model to the
quantitative level. This will provide the scientific community with a predictive tool
apt for, e.g., controlling non‐axenic microalgae cultures and understanding the inter‐
play between individual optimality principles and symbiotic interactions.
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Mechano‐energetic coupling in cardiac pumping and heart failure
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The energetic state of the myocardium is abnormal in decompensated heart failure:
phosphate metabolite concentrations are altered and the ATP hydrolysis potential is
diminished compared to normal healthy conditions. Although this metabolic dys‐
function has been characterized in both patients and animal models, the potential
functional consequences of the observed changes in energetic state on mechanical
function are not known. We have conducted a series of modeling and experimental
studies aimed at quantifying mechanical/energetic coupling in the heart, determin‐
ing if/how energetic dysfunction contributes to mechanical failure, and testing the
following predictions of computer simulations: (1.) Changes in phosphate metabolite
concentrations (ATP, ADP, and Pi) that are observed to occur in decompensated car‐
diac hypertrophy impair force/tension development the heart through a direct effect
on myoﬁlament cross‐bridge cycle kinetics; and (2.) The resulting impairment in wall
tension development leads to systolic dysfunction. These predictions are tested us‐
ing rat pressure‐overload models of decompensated hypertrophy in wild type and
myocardial knockouts of the cytoplasmic 5’‐nucleotidase (5NT) enzyme. The 5NT
knockout was hypothesized to protect the heart from depletion of the adenine nu‐
cleotide pools, and thus preserve mechanical function in decompensated hypertro‐
phy/heart failure.
Preliminary results reveal that model‐predicted relationships between myocardial
metabolite levels and cardiac function match in vivo observations in the WT and 5NT
knockout animals. Furthermore, metabolic and mechanical function are preserved
by the 5NT knockout. Thus, these results are consistent with model predictions and
the hypothesized cardioprotective mechanism of 5NT knockout.
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Ultrasensitivity of multisite systems
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We consider the ultrasensitivity of multisite binding processes where ligand mole‐
cules can bind to several binding sites, considering more particularly recent models
involving complex chemical reactions in phosphorylation systems such as allosteric
phosphorylation processes, or substrate‐catalyst chain reactions. We will present
new statistics based formulas for Hill coefficients, and provide necessary conditions
for a system to be ultrasensitive. We will next turn to birth and death processes as‐
sociated with phosphrylation dynamics, and show that switch‐like ultrasensitive re‐
sponses are strongly related to the multi‐stability of the associated dynamical sys‐
tem. Ultrasensitivity occurs if and only if the entropy of the dynamical system has
more than one global minimum for some critical ligand concentration. These results
allow a better understanding of multisite ultrasensitive systems and provide new
tools for the design of such systems.
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Computer modeling of cytochrome c oxidase H+/e‐ efficiency
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Cytochrome c oxidase (CcO) is a terminal enzyme complex of mitochondrial respira‐
tory chain. It catalyses oxygen reduction to water alongside with cytochrome c oxi‐
dation. These reactions are coupled with proton pumping through the membrane
from the N‐side to the P‐side and therefore membrane potential is generated. CcO
consumes the major part of oxygen, so the changes in oxygen pressure influence on
energy supply of the whole cell. In the present work respiratory rate dependence on
oxygen concentration is obtained under different medium parameters such as pH
and nitric oxide concentration. CcO activity was estimated via computer algorithm
based on stochastic approach where the catalytic cycle of the enzyme is reported as
a set of consecutive transitions between distinct states with various number of me‐
tabolites. CcO efficiency (H+/e‐) decreases from 0.98 to 0.9 with the increase of pH in
physiological range according to lowering of proton transport rate through the D‐
channel, while oxygen flow through a unitary protein was not affected by the
changes in pH. Appearance of nitric oxide resulted in a lowered oxygen flow, and the
efficiency was restored to normal value in this case. The dependence of pumping
efficiency on oxygen concentration was investigated using three schemes which dif‐
fered in a binding order of oxygen. The modeling indicates no significant distinction
in the results for the schemes. Thus, we can assume that oxygen is able to bind to
fully reduced binuclear center of CcO only. It was also remarkable that virtual simu‐
lations denoted nitric oxide could recover H+/e‐ efficiency of cytochrome c oxidase
modified by external pH.
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Thermodynamic and regulatory principles of the Calvin‐Benson‐Bassham cycle
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The Calvin‐Benson‐Bassham Cycle is the dominant pathway in photosynthetic organ‐
ismsreducing carbon dioxide to sugars. Despite the fact that this pathway has been‐
subject to intense experimental and theoretical investigations for several decades,it
still holds many mysteries. For example, while many allosteric regulatorymecha‐
nisms have been discovered by careful in vitro studies, underlying principlesaccord‐
ing to which this regulation is organised are not yet understood. Likewise,the so‐
called photosynthetic Gibbs effect, which refers to the experimental factthat isotope
labels appear asymmetrically in photosynthetically derived hexoses(although these
hexoses are formed by condensation of two isomeric trioses)has not yet experienced
a sound theoretical explanation.There exist a number of mathematical models de‐
scribing the dynamics of the Calvin‐Benson‐Bassham cycle, and all these models
serve a particular purpose. However, either the models are too simplistic to be suit‐
able to describe the in vivo situationadequately, or they are of a complexity, which
makes it difficult to incorporatethem into other modelling frameworks. This latter
aspect is in particular importantif one wishes to study the interplay and regulation
of various metabolic modules,such as the ATP and NADPH generating photosynthetic
electron transport chainand the main consuming pathway, the Calvin‐Benson‐
Bassham Cycle.We here employ thermodynamic principles to arrive at a simplified
description ofthe Calvin‐Benson‐Bassham Cycle, which is not only capable of realis‐
tically reflecting experimentally determinedsteady‐state metabolite concentrations,
but which is also easily adaptableto different measured values. We demonstrate this
flexible use by linking themodel to a recently developed model of the electron
transport chain and are thusfor the first time able to realistically simulate and ana‐
lyse the key supply‐demand system in plant energy metabolism. Because of its re‐
duced complexity, we can employ the model to derive a priori which allosteric regu‐
lations are most important to stabilise the stationary state of the cycle. In this way,
we are able to explain why certain regulatory mechanisms are ubiquitous and what
their evolutionary advantage is. Moreover, we have developed an isotopic version
of the model allowing to tracelabelled carbon atoms. Interestingly, the Gibbs effect
results as an emergentproperty from the underlying thermodynamic properties un‐
der a wide range of parameter combinations.In summary, by re‐analysing the Calvin‐
Benson‐Bassham Cycle and re‐interpreting itsseries of biochemical reactions based
on thermodynamic properties, wepave the way towards resolving some of the rid‐
dles that this pathway still posesafter over half a century of research.
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Optimality, but not perfection
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Systems biology puts the focus on understanding biological systems using all sorts of
approaches and techniques, from measurement of specific cellular features to col‐
lection of genome‐wide omics data as well as from mathematical modeling of small
networks to development of whole cell models. One import insight was that biolog‐
ical systems develop during evolution. Hence, so the logic, they must improve their
properties to outcompete other species with whom they may share ecological niches
and rival for nutrients and they will, eventually, exhibit optimal properties.
Applying the concept of optimality has helped to understand the organisation of dif‐
ferent biological systems, long before omics data was available to prove the predic‐
tions in detail. Moreover, it provides an explanation for why in addition to what, i.e.
for example, why metabolic networks show a specific distribution of enzymes that
has been measured in an experiment.
Here, we will review some classical approaches to apply the concept of optimality to
biological systems and discuss their usefulness in the light of emerging new and mas‐
sive data.
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Evaluating the stoichiometric and energetic constraints of cyanobacterial
diurnal growth
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Growth, division and proliferation entail a very well coordinated distribution of cel‐
lular resources to various intracellular processes, including the de‐novo synthesis of
proteins, lipids, as well as other cellular components. For cyanobacteria, growth‐de‐
pendent resource allocation is further subject to diurnal light‐dark cycles that parti‐
tion metabolism and growth into distinct phases and preclude a straightforward sta‐
tionary analysis. Several experimental results show the relevance of time‐specific
synthesis of cellular components for cyanobacterial growth. Nonetheless the impli‐
cations of a diurnal environment on the cellular resource allocation problem are in‐
sufficiently understood. Current computational approaches focus almost exclusively
on heterotrophic growth at steady state and are hence not suitable to study cyano‐
bacterial phototrophic growth.
We present a comprehensive computational approach to evaluate the optimality of
diurnal resource allocation in cyanobacteria. The focus is on the energetic con‐
straints that shape the cellular ’protein economy’, i.e., the relationship between the
average growth rate and the relative partitioning of metabolic, photosynthetic, and
ribosomal proteins during a full diurnal period. Extending the scope of established
constraint‐based analysis methods, we derive properties that arise from a narrow
and well‐defined set of assumptions about cyanobacterial growth. We assemble and
evaluate a self‐replicating genome‐scale model of cyanobacterial growth, based on
a high quality metabolic reconstruction of Synechococcus elongatus 7942. All cellular
processes included hinge upon the presence of facilitating compounds that are
themselves products of cellular metabolism. Our approach is related to resource bal‐
ance analysis, dynamic enzyme‐cost FBA, as well as integrated metabolism and gene
expression models.
We demonstrate that, based on very few assumptions, one can derive quantitative
predictions for questions like how is glycogen storage organized. Moreover, using
our model we are able to predict reaction rate changes at genome‐scale, over the
diurnal cycle, as well as the impact of growth rate on the relative amount of im‐
portant cellular components such as the ribosome or the photosystems. The depend‐
encies we discover are in line with the ones presented in studies of heterotrophic
bacteria such as Escherichia coli.
Our model provides a framework for the study of metabolic resource allocation at
genome scale in the context of a day‐night cycle. This model can be used to study
trade‐offs in the metabolism that depend dynamically on various external conditions
such as light availability, nitrogen availability, efficiency of enzymes etc. The dynamic
optimisation problem is solved to global optimality and the observed behavior
emerges as the result of an optimal control problem.
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Identification of optimal strategies for state transition of complex biological networks
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To uncover the mechanisms of cancer formulation and dissolution, there has been
recently an increasing attention to the study of state transitions of complex biologi‐
cal networks. It has been found that some networks possess multiple stationery
states (attractors) representing normal and cancerous behaviors [1]. Based on mod‐
eling and network structure analysis, parameter perturbation can be employed to
identify temporary parameter values to drive the system from one attractor to an‐
other one [1, 2], providing possible therapeutic strategies for cancer campaign. How‐
ever, since complex biological networks usually contain a large number of parame‐
ters, to find feasible strategies for state transition by parameter perturbation is not
a trivial task and may require high computational expenses. More importantly, the
strategies obtained in this way are inevitably not optimal.
In this study, we address the state transition problem by a method of numerical op‐
timisation, i.e. a large‐scale nonlinear dynamic optimisation problem will be formu‐
lated and solved by the quasi‐sequential approach [3, 4]. Based on the experimen‐
tally feasible control framework, we optimize the strategies of control parameters
for a two‐node gene regulatory network and a T‐cell signaling network in large gran‐
ular lymphocyte leukemia associated with blood cancer. According to our results, it
is found that the optimisation method can approach the attractors of the network
and identify the critical value for each control parameter to steer the system into a
desired attractor. In addition, the minimum time for the state transition can be
gained by defining and solving a time‐optimal control problem. Moreover, time‐de‐
pendent parameter profiles for state transition are obtained rather than constant
values given from the literature. Furthermore, the optimisation method allows mul‐
tiple parameters to be simultaneously adjusted to drive the system out of the unde‐
sired attractor. These optimized results improve those by the method of parameter
perturbation and can provide valuable guidance for experimental design.
References
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Dynamic optimisation of pathway regulation reveals the unexploited potential of
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Question
Elucidating the regulation of metabolism is crucial for deriving a holistic picture of
many bio‐ logical processes. However, dynamics in metabolic regulation are often
only lowly resolved, e.g. in gene expression data, or are even completely neglected
as in many constraint‐based modeling approaches.
Methods
Dynamic optimisation has proven to be an ideal tool to decipher the regulatory logic
controlling metabolic pathways by assuming that time courses of pathway regulation
are shaped by evolutionary optimality principles [1, 2]. Here we use dynamic optimi‐
sation of pathway regulation to elucidate the impact of the kinetic properties as well
as toxicity of intermediates on the control of a linear metabolic pathway which we
validate on a large number of metabolic networks of abroad spectrum of organisms
[3].
Results
We found that toxic intermediates show a tight regulation of upstream enzymes pre‐
venting their accumulation, which thereby can influence the key controlling enzymes
within a pathway. These findings can explain a sparse regulation of key enzymes at
various positions of a pathway and not mainly at the first and last position, as ob‐
served previously [1, 2]. Our latest results suggest that these optimality principles
are shared by bacteria as well as Eukaryotes and pathogenic fungi such as Aspergillus
fumigatus or Candida albicans in particular. Therefore, based on our optimisation
results, we are currently developing approaches to predict the cytotoxicity of metab‐
olites in fungi based on their molecular structure to identify targets for antifungal
intervention.
Conclusions
Our findings expand the view on pathway regulation and the impact of kinetic prop‐
erties as well as intermediate toxicity on optimal regulatory strategies. Moreover,
they provide a promising avenue for the development of novel drug targets
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that induce self‐poisoning based on the perturbation of highly regulated enzymes
that prevent the accumulation of toxic intermediates.
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Defects in genes involved in mitochondrial fatty‐acid oxidation (mFAO) reduce the
ability of patients to cope with metabolic challenges. mFAO enzymes accept multiple
substrates of different chain length. This leads to molecular competition among the
substrates. Here we combined computational modeling with quantitative mouse and
patient data, to investigate whether substrate competition affects pathway robust‐
ness in mFAO disorders.
First, we used comprehensive biochemical analyses of wild‐type mice and mice defi‐
cient for medium‐chain acyl‐CoA dehydrogenase (MCAD) to parameterize a detailed
computational model of mFAO. Model simulations predicted that MCAD deficiency
would have no effect on the pathway flux at low concentrations of the mFAO sub‐
strate palmitoyl‐CoA. However, high concentrations of palmitoyl‐CoA would induce
a decline in flux and an accumulation of intermediate metabolites. We proved com‐
putationally that the predicted overload behavior was due to substrate competition
in the pathway. Second, to study the clinical relevance of this mechanism, we used
patients’ metabolite profiles and generated a humanized version of the computa‐
tional model. While molecular competition did not affect the plasma metabolite pro‐
files during MCAD deficiency, it was a key factor in explaining the characteristic acyl‐
carnitine profiles of multiple acyl‐CoA dehydrogenase deficient (MADD) patients.
The patient‐specific computational models allowed us to predict the severity of the
disease phenotype, providing a proof of principle for the systems medicine ap‐
proach.
We conclude that substrate competition is at the basis of the physiology seen in pa‐
tients with mFAO disorders, a finding that may explain why these patients run a risk
of a life‐threatening metabolic catastrophe.
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Hypoglycemia and lactic acidosis are indicators of poor chances of survival in malaria
patients. The accelerated glycolytic flux in red blood cells that are infected by P. fal‐
ciparum could be a contributing factor to the blood glucose and lactate concentra‐
tion changes. Currently, there are no mathematical models that are able to quantify
the contribution of this increased flux to hypoglycemia and lactic acidosis. These di‐
agnostics are defined at the whole‐body level and it would be beneficial to relate
them to enzyme‐catalysed reactions, since this would facilitate the analysis of drug
effects at the level of the whole body.
We propose a hierarchical modelling approach to construct a model for the malaria
disease state at the whole‐body level. Such a model can simulate effects of drug‐
induced inhibition of reaction steps on the whole‐body physiology. We illustrate this
approach for glucose metabolism in malaria patients, by merging two detailed ki‐
netic models for glucose metabolism in the parasite Plasmodium falciparum and the
human red blood cell with a coarse‐grained model for whole‐body glucose metabo‐
lism. In addition, we use a genome‐scale metabolic model for the parasite to predict
amino acid production profiles by the malaria parasite that can be used as a complex
biomarker.
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Functional magnetic resonance imaging (fMRI) provides insights into brain activity
through the measurement of the spatial and temporally resolved blood oxygen level
dependent (BOLD)‐response. This response arises from the interplay between cere‐
bral blood flow, cerebral blood volume, deoxyhemoglobin levels, and neuronal ac‐
tivity. This neurovascular coupling is the assumption on which most fMRI‐data anal‐
ysis is based upon. Currently, such analyses are performed using correlation analysis
with phenomenological interpretations of the BOLD‐signal in order to detect brain
activity. Despite widespread use of fMRI in both clinic and research, the underlying
neurovascular mechanisms and their contribution to the BOLD‐response remain elu‐
sive. Lundengard et al. [1] has shown that a system biology approach, creating a
mechanistic model of the neurovascular coupling, is able to describe and predict pos‐
itive BOLD‐responses. However, this model lacks the ability to describe frequently
observed negative BOLD‐responses, indicating other regulating mechanisms at play.
Such mechanisms are described in existing hypotheses, but these have never been
evaluated other than by reasoning in respect to data. Here, we present a continued
development of the Lundengard model, evaluating two existing hypotheses: hemo‐
dynamic steal [2] and neural inhibition [3]. Each hypothesis was translated from
words into mathematical models and evaluated against unpublished experimental
fMRI data from 11 healthy volunteers. Data consisted of both positive and negative
BOLD‐responses, collected from the visual and lateral parietal cortices during a but‐
ton‐press/visual task. Each model was concurrently fitted to positive and negative
responses. Evaluation showed that both hypotheses could describe experimental
data successfully, as both models pass a ‐test (df=54, a=0.05, cut‐off =72.1) with re‐
sidual costs of 52.1 and 28.8, respectively. These results are a first step towards a
better mechanistic understanding of the negative BOLD‐response and to a new type
of fMRI‐analysis.
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Predicting resource allocation between cell processes is the primary step towards
decoding the evolutionary constraints governing bacterial growth under various con‐
ditions1. Quantitative prediction at genome‐scale remains a computational challenge
as current methods are limited by the tractability of the underlying problem2 or by
simplifying hypotheses.
In this talk, we present the constraint‐based modeling method Resource Balance
Analysis (RBA). By considering the bacterial cell as a self‐replicating system, the RBA
method intrinsically captures the bottleneck due to resource sharing between all bi‐
ological processes as a non‐smooth convex feasibility problem that is efficiently
solved through the resolution of an equivalent Linear Programming (LP) optimisation
problem. The optimal cellular configuration can be computed under the objective of
growth rate maximisation by solving a sequence of LPs3,4. The refinement of the un‐
derlying mathematical description of cell processes compared to well‐established
constraint‐based methods like Flux Balance Analysis5 entails inevitably an increased
number of parameters in the model4,6,7. By combining physiological and large‐scale
datasets (growth rate, fluxome, and absolute protein abundances), we succesfully
calibrated RBA for the Gram‐positive model bacterium Bacillus subtilis and showed
that RBA accurately predicts the resource allocation for a wide range of growth con‐
ditions8. During the calibration process, the apparent catalytic rates of active meta‐
bolic enzymes are estimated and most of them are linearly decreasing with decreas‐
ing growth rate. The regulation of most cellular processes is consistent with the
objective of growth rate maximisation except for a few suboptimal processes which
likely integrate more complex objectives such as coping with stressful conditions and
survival. We also illustrate how calibrated RBA enables the prediction of complex
strategies like managing the uptake of nutrients (carbon and/or amino acid sources)
in complex medium. Altogether, RBA offers new opportunities to investigate design
principles in prokaryotes and to exploit them for future biotechnological applica‐
tions.
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Geobacillus thermoglucosidasius is a thermophilic and ethanologenic bacterium,
with an optimal growth temperature of 65°C. It is of industrial interest as a platform
organism for fermentation processes, owing to its high growth temperature, which
reduces cooling costs and minimises the risk of microbial contamination. Further‐
more, it is capable of catabolising both C6 and C5 sugars. In this project we investi‐
gate the potential for constructing G. thermoglucosidasius strains capable of produc‐
ing butanol, a second generation biofuel, at a sufficiently high yield, using structural
metabolic modelling.
A genome‐scale metabolic model (GSM) of G. thermoglucosidasius (C56‐YS93) was
constructed based on previously published genome sequence and biomass compo‐
sition data. A medium‐size model was constructed based on the GSM, accounting for
central carbon metabolism, including glycolysis, TCA, pentose phosphate pathway,
mixed acid fermentation, a simplified biomass reaction based on precursor metabo‐
lites in central carbon metabolism, and a non‐native butanol biosynthetic pathway
(involving 3 reactions), accounting for a total of 84 reactions and 90 metabolites and
assuming a minimal, aerobic, glucose‐based medium. The potential butanol yields of
the organism were evaluated by calculating the elementary modes of the model. This
showed that out of 1156 modes, 381 were involved with butanol production. In or‐
der to couple butanol and biomass synthesis, the 184 modes that also involved bio‐
mass synthesis were selected for further analysis. The butanol yield of these modes
varied between 0.003 and 0.49 (C‐mole/C‐mole). In order to identify a knock‐out
strain with a reasonably high yield and small number of reaction (ultimately gene)
deletions, a yield cut off of 0.3 and a reaction cut off of 10 deletions, was used. Target
reactions were selected by associating each mode with a set of reactions and identify
the reactions only associated with biomass synthesis, but not with any of the coupled
modes of sufficient butanol yield. This analysis resulted in 9 target reactions, corre‐
sponding to 6 genes, which if removed from the network would result in a minimal
butanol yield of 0.35 for any stead state flux solution involving biomass synthesis.
In summary, in this contribution we show that G. thermoglucosidasius can be modi‐
fied to produce butanol at a yield of at least 0.35 (C‐mole/C‐mole), while maintaining
biomass synthesis, by adding 3 and removing 9 reactions from the network.
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A vicious cycle in mammalian fatty‐acid oxidation
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Introduction
Mitochondrial fatty‐acid beta‐oxidation (mFAO) plays a key role in diseases of energy
metabolism. Inborn enzyme deficiencies in this pathway confer a high risk of a sud‐
den drop of blood glucose levels, particularly during fasting in combination with fe‐
ver. The kinetic structure of the mFAO pathway is complex: it contains multiple re‐
versible reaction cycles, with substrates and products of different carbon‐chain
lengths competing for promiscuous enzymes, and intermediates esterified to a lim‐
ited pool of coenzyme A (CoA). By dynamic modelling and experimental analysis in
mouse and rat, we showed that the metabolite competition in combination with a
limited CoA pool gives rise to flux decline at high substrate concentrations. This is
aggravated by mFAO enzyme deficiencies, possibly explaining the sudden drop of
glucose levels in patients [PMID 23966849; Van Eunen et. al. 2016, submitted].
Here we aim (i) to elucidate the mechanism of flux decline at high substrate concen‐
trations in our dynamic model and (ii) to identify novel rescue mechanisms that ex‐
plain the different phenotypic presentations of patients with the same enzymatic
defect.
Methods
We applied metabolic control analysis (MCA) to the dynamic model of mFAO, quan‐
tified the relative regulatory importance of each variable metabolite in the pathway
[PMID 15819889], and analysed the transcriptome of WT and MCAD‐KO mice by
QuantSeq 3’ mRNA sequencing.
Results
Upon flux decline at high substrate concentrations the flux control shifted from the
uptake of the C16‐chain‐length substrate to the very last enzyme of the C4 cycle me‐
dium‐chain ketoacyl‐CoA thiolase (MCKAT). Furthermore, the competition between
MCKAT substrates and products of different chain lengths was both necessary and
sufficient to elicit the flux decline. Quantification of regulation by internal metabo‐
lites revealed a vicious cycle. Since the acyl‐CoA substrate of each cycle of beta‐oxi‐
dation is at the same time the product of the previous cycle, these intermediates
provide substrate to MCKAT and inhibit it at the same time. This leads to accumula‐
tion of the substrates of MCKAT, which equilibrate with preceding metabolites in the
cycle. Due to one unfavorable equilibrium constant, this equilibration amplifies the
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accumulation of metabolites. All metabolites are esterified to CoA, leading to a se‐
vere drop of free CoA. Since CoA is a co‐substrate of MCKAT, this limits its activity
further, completing the vicious cycle.
We hypothesize that mitochondrial CoA depletion in the beta‐oxidation is modu‐
lated by other CoA utilising and releasing pathways. From the human genome‐scale
metabolic models Recon2.04 and iHepatocytes2322, we extracted all CoA‐related
reactions and systematically reduced the list to 23 reactions that can influence the
availability of free CoA. One of these is the acyl‐CoA thioesterase (ACOT) reaction.
Addition of ACOT to the model attenuated flux decline, particularly in the MCAD KO,
simulating what could happen in MCAD deficient patients. Of note, in the liver of
both wild‐type and MCAD KO mice, thioesterase mRNA expression was increased
during fasting.
Discussion
We identified a key role for the enzyme MCKAT initiating a vicious cycle in fatty‐acid
beta oxidation, and an attenuating role of the enzyme ACOT.
We are currently testing our model predictions in MCAD KO HepG2 cells, and extend‐
ing the model with other CoA releasing and utilising pathways, to get a better insight
into loss of metabolic robustness in mFAO diseases.
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Identification and applications of moiety conservation relations for metabolic net‐
works
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Moiety conservation in a metabolic network results in pools of metabolites with de‐
pendent concentrations. Mathematically, it results in a stoichiometric matrix with
linearly dependent rows. The left null space of the stoichiometric matrix therefore
has nonzero dimension. Identification of moiety conservation relations can elucidate
complex metabolic phenomena and facilitate metabolic modelling. All moiety con‐
servation relations can be represented as nonnegative integer vectors in the left null
space of the stoichiometric matrix. Methods exist to compute such vectors based
only on the stoichiometric matrix but their computational complexity has limited
their application to relatively small metabolic networks. Moreover, the vectors re‐
turned by existing methods do not, in general, represent conservation of a specific
moiety with a defined atomic structure. Here, we show that identification of con‐
served moieties requires data on reaction atom mappings in addition to stoichiome‐
try. We present a novel method to identify conserved moieties in metabolic net‐
works by graph theoretical analysis of their underlying atom transition networks. Our
method returns the exact group of atoms belonging to each conserved moiety as
well as the corresponding vector in the left null space of the stoichiometric matrix. It
can be implemented as a pipeline of polynomial time algorithms. Our implementa‐
tion completes in under five minutes on a metabolic network with more than 4,000
mass balanced reactions. The scalability of the method enables extension of existing
applications for moiety conservation relations to genome‐scale metabolic networks.
We also give examples of new applications made possible by elucidating the atomic
structure of conserved moieties.
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Dimensionality of motion but not receptor morphology governs affinity of
receptor‐ligand binding as revealed by molecular agent‐based models
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Mathematical models are often essential to get insights into complex mechanism of
biological systems such as signalling by molecular receptor ligand (RL) interactions in
the human immune system. The affinity of ligands to B cell receptors (BCR) strongly
influences the activation of these immune cells as being part of the specific immune
response against pathogens.
We generated molecular agent‐based models (ABM) to investigate the impact of re‐
ceptor morphology and motion dimensionality to RL binding dynamics. The ABM
comprise agents that represent ligands and receptors which move and interact ac‐
cording to predefined rules within a three dimensional environment. Upon contact,
ligands can bind to receptors forming RL‐complexes, which in turn might dissociate
into their components depending on reaction probabilities. Since BCR exist both as
membrane‐anchored receptors on B cells and as antibodies in soluble form, we gen‐
erated ABM variants that differ in the dimensionality of receptor motion. Further‐
more, models with different receptor morphologies were implemented, i.e. Y‐
shaped BCR and receptors with a simple spherical morphology.
The resulting binding dynamics of the four different ABM variants were quantified
by ordinary differential equations (ODE), where we determined the optimal ODE
binding rate leading to best match with the ABM binding dynamics. In this way we
have establish a mapping between the macroscopic and microscopic viewpoint on
RL binding. The comparison of these parameters for ABM variants revealed a clear
difference between ABM variants with soluble and membrane‐anchored BCR. In con‐
trast, the receptor morphology was found to influence the RL binding dynamics only
slightly. In the future, this molecular ABM can be used to investigate co‐receptor
binding as well as cluster formation of receptors as being essential steps in B cell
activation.
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Iron redistribution after Candida albicans infection in the murine kidney
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Candida albicans is a major fungal pathogen of mammals and frequently causes
life‐threatening nosocomial fungal bloodstream and disseminated infections. Alt‐
hough C. albicans initially infect almost all organs as a result of an intravenous in‐
fection, previous studies focus on the murine kidney as the prime target organ for
disseminated candidiasis. [1] During infection, the host initiate different immune de‐
fense strategies to overcome the invaded pathogens. One of these strategies is the
withholding of nutrients, also called 'nutrient immunity'. Thereby, the host limits the
amount of available nutrients which are important for the growth of pathogens and
the establishment of infections. [2] As iron is an essential micronutrient for most
organisms, in this study we focus on the redistribution of iron in consequence of an
invasive candidiasis in the murine kidney. With the aid of NetLogo, a multilevel
agent‐based model was developed to demonstrate the dependence of a progressive
C. albicans infection on the kidney‐specific iron distribution.
[1] Lionakis et al., Organ‐Specific Innate Immune Responses in a Mouse Model of Invasive Candidiasis,
J Innate Immun 2011, 3:180‐199, DOI:10.1159/000321157
[2] Potrykus et al., Fungal Iron Availability during Deep Seated Candidiasis Is Defined by a Complex Interplay
Involving Systemic and Local Events, PloS Pathog2013,9(10): e1003676. doi:10.1371/journal.ppat.1003676
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Introduction

Candida albicans is an opportunistic fungus which occurs across the globe and,
therefore, most people come into contact with it during their life. About 75% of all
humans are infected with C. albicans. The fungus poses a risk to immuno‐compro‐
mised people, because C. albicans is able to overcome the natural defense system
of the human body. C. albicans is one of many causes for sepsis which accounts for
high morbidity and mortality rates. To find effective treatments, it is necessary to
completely understand the interaction with the host and its defense mechanisms in
human blood.
Methods
Whole‐blood infections with C. albicans are investigated by a virtual infection
model based on a state‐based model as described in Hünniger et al. (2014) and
Lehnert et al. (2015). Here, spontaneous resistance labels the resistance acquisition
of fungal cells against killing and phagocytosis by immune cells. In earlier models this
was implemented with a constant value which remained the same during a simula‐
tion. Based on novel experimental observations, we modified the spontaneous re‐
sistance to time‐dependent resistance that incorporates the half‐live of resistance
inducing factors that are considered to be released by PMN (polymorphonuclear
neutrophils). The precise mechanism of resistance acquisition by C. albicans cells is
still unknown. To implement this unknown process, new parameters needed to be
introduced to the model. The addition of a time‐dependent parameter enabled us
to check if a humoral mechanism mediated by PMN would reflect experimental data.
Parameter estimation was done via fittings to the experimental data as obtained
from whole‐blood infection assays [1,2]. Additionally, the fitting algorithm was par‐
allelized by implementing a thread pool.
Results and Conclusion
The parameter estimation and fittings to experimental data show that it is possible
that a time‐dependent resistance acquisition of C. albicans exists. On the other side,
current experimental data does not suffice to distinguish between both resistance
models due to no specific data subsets for either of the two models. The parallelisa‐
tion of the state‐based model allows us to perform a complete fitting within less than
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one day, which represents a significant decrease from earlier computation times of
seven days by the non‐parallelized algorithm. Due to the parallelized algorithm we
are able to quickly simulate and check further ideas on fungal mechanisms in the
future.
References
[1] Hünniger and Lehnert et al., PLoS Comput Biol (2014)
[2] Lehnert and Timme et al., Frontiers in Microbiology (2015)
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Simulation of the dynamics of primary immunodeficiencies in CD4+ T‐cells
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Primary immunodeficiencies (PIDs) are a large group of rare hereditary disorders of
the immune system. T‐cell PIDs are usually caused by defects in immune response
genes or proteins and account for about one‐tenth of known PIDs. Most known PIDs
in T‐cells are represented as monogenic, yet, the gene defects disrupt the normal
physiology and immune response of the entire cellular system.
With the availability of cataloged PIDs in T‐cells, enormous amounts of genomic data
and many detailed studies that report molecular genetics data for PIDs, it is now
possible to perform systems biology studies on the effects of PIDs in T‐cell physiology
and response. To achieve this, we reconstructed a T‐cell network model using litera‐
ture mining and TPPIN, a previously published core T‐cell network and performed
semi‐quantitative dynamic network simulations on both normal and T‐cell PID failure
modes.
We observed that the results of several loss‐of‐function PID simulations correspond
to results of previously reported molecular studies as seen in the gene expression
patterns of the attractors.
Our study shows the applicability of our T‐cell model as a first step in understanding
the underlying dynamics of PID disease processes in T‐cells at the cellular signaling
level.
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Regulatory networks in the reponse of human monocytes to fungal and bacterial
pathogens
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Systemic bloodstream infections can lead to multiple organ failure and death of the
patient and can be caused by both bacterial and fungal pathogens. Monocytes as
blood‐bourne antigen presenting cells play a crucial part in the immune response
against various microbes and shown high transcriptome plasticity in response to
stimulation. Consequently, we aimed to identify pathogen specific responses on the
basis of transcriptome patterns in human monocytes.
Monocytes of five healthy donors were isolated from venous blood. After an over‐
night resting, the cells were stimulated with A. fumigatus, N. meningitidis or S.
aureus for 3h and 6h. RNA of monocytes was used for microarray analysis. Differen‐
tially expressed genes (FDR < 0.05, Fold Change > 1.5) were determined for each
pathogen.
Results suggest that there is a clear clustering of the samples according to their as‐
sociated pathogen. This fact is reflected by the high number of specifically differen‐
tially expressed genes, which provide details about biological processes associated
with the pathogen class. We employed a background network of protein‐protein in‐
teractions from various resources (HPRD,STRING,IntAct) to study the interactions of
genes acting together in regulatory subnetworks. Specific subnetworks can be used
as a starting point for future studies which aim to identify biomarkers that are
strongly needed to improve diagnosis of bloodstream infections.
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Influence of Vitamins A and D on long non‐coding RNAs of human monocytes
during infection with fungi A. fumigatus, C. albicans and bacteria E. coli
K. Riege1, M. Hölzer1, T. E. Klassert2, J. Bräuer2, E. Barth1,3, M. Stock2, F. Hufsky1,
N. Mostajo4, M. Collatz1,4, B. Vogel1,4, H. Slevogt2, M. Marz1,3
1

Friedrich‐Schiller University Jena, Bioinformatics/High Throughput Analysis, Jena, Germany
University Hospital Jena, ZIK Septomics, Jena, Germany
3
FLI Leibniz Institute for Age Research, Jena, Germany
4
Philipps‐University Marburg, Institute of Virology, Marburg, Germany
2

Candida albicans and Aspergillus fumigatus are the most life‐threatening causes of
invasive mycoses in humans. As shown for Candida‐induced sepsis in mice models,
the fatal host damage results from an exaggerated immune response rather than
from the pathogen itself. Therefore, the modulation of the immune response might
be an interesting strategy to reduce fungi‐associated immunopathology. In this re‐
gard, nuclear receptors such as the receptors for vitamins A and D have recently been
suggested to possess host‐protective effects during fungal infections. Nevertheless,
their underlying molecular determinants remain largely unknown. In the present
work, we used whole‐transcriptome proling to characterize the differential roles of
vitamins A and D in fungi‐mediated in ammatory processes in human monocytes.
Although observed ncRNA expression is low in general (Candida albicans showing the
most intensive reaction), observed fold changes are very high. Since less than 5% of
the annotated human lincRNAs and antisense RNAs are in at least one of the com‐
parisons significant differentially expressed, compared to 24% of human proteins,
we follow the assumption, that a few affected regulatory ncRNAs regulate a huge
number of protein coding genes. Furthermore our data support immunomodulatory
activity to be specific to the stimulus, which allows the detection of potential non‐
coding marker genes for fungal infection. Investigated antisense RNA expressionis
linked to sense coded genes and clusters according to different pathways. Immune
system, apoptosis and in ammation processes are generally downregulated. The dif‐
ference between atRA and vitamin D supply is marginal, both have an impact on
moderating infection induced immune response.

70

ABSTRACTS POSTERS
P9
Comparison of differentially expressed genes in two human cell lines infected with
Zaire and RestonEbolaviruses
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An outbreak of Ebola virus (EBOV) hits parts of West Africa with unprecedented se‐
verity with more than 25,000 cases, claiming more than 10,400 deaths as of April
2015
Ebolavirus are negative single stranded RNA viruses, part of the family Filoviridae,
comprising five known species: Bundibugyo ebolavirus, Reston ebolavirus (REBOV),
Sudan ebolavirus, TaiForest ebolavirus, and Zaire ebolavirus (ZEBOV). ZEBOV is
among the most lethal viruses for human and was the cause of the unprecedented
outbreak (>11,300 deaths) in West Africa in 2014. REBOV is known to be able to in‐
fect humans, but shows a zero fatality rate so far. However, it is not known which
are the molecular mechanisms that lead to the different infection outcomes in hu‐
mans. Therefore, we pay special attention to ncRNAs, which are not yet being stud‐
ied as a factor for Ebolavirus infection, but already found involved in different viral
infections.
To address this question, hepatome (HuH7) and macrophage differentiated‐mono‐
cyte (THP1) human cell lines were infected with ZEBOV, REBOV, and medium (Mock).
Total RNA was extracted at 3 hours and 24 hours post infection, in triplicates. We
performed differential expression analyses on microarray and small RNA‐Seq level
and compared significant expressed protein‐ and non‐coding genes between ZEBOV,
REBOV and Mock, in order to determine kingpins for Ebola infection and pathology.
These genes will be later tested with iVLPs, shRNA and qRT‐PCR experiments.
Finally, we look to elucidate the human responses and interactions with ZEBOV and
compare it to REBOV, giving special interest to sRNAs, in order to understand the
high mortality rate of ZEBOV in humans.
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Large scale heterogeneities create massive metabolic and transcriptional
responses in E. coli – elucidating regulatory kinetics and ATP demands
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Industrial workhorses such as Escherichia coli are applied in large scale bioreactors
and are thereby exposed to gradients mirroring impacts of hydrostatic pressure, in‐
sufficient mixing conditions and spatially segregated cellular activities. Cells circulat‐
ing in production vessels are exposed to frequently changing micro‐environmental
conditions that trigger not only metabolic but also transcriptional cellular responses.
Yet, cellular performance in large scale is requested to meet expectations of lab scale
studies in order to fulfill economic demands.
At IBVT a scale‐down device consisting of a stirred tank bioreactor and a plug flow
reactor was installed for simulating large scale gradients. In contrast to the common
approach scale‐down experiments were performed under steady‐state conditions.
Consequently an accurately defined reference scenario was set that allowed the in‐
depth elucidation of short‐ and long‐term metabolic and transcriptional responses
of E. coli on the exposed heterogeneities.
More than 600 genes were found to be up‐ or down‐regulated (threshold 1.5 fold)
during the first 110 s in PFR. Notably this scenario resembles a permanent on/off
switching for transcription and translation of the said genes. Distinct patterns of
short‐ and long‐term adaptation strategies were deduced with respect to carbon (C‐)
and nitrogen (N‐) gradients. Models were formulated calculating the individual ATP
demands for transcription and translation for each of the said genes. Furthermore
the long‐term adaptation of E. coli to the given heterogeneities was modelled as
well.
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Apart from performing hormonal and neuromediator functions, biogenic amines
(BAs), including catecholamines (dopamine, norepinephrine, and epinephrine) and
serotonin, are involved in bidirectional host organism—microbiota interactivity. Cat‐
echolamines drastically stimulate the growth and virulence of pathogenic enterobac‐
teria [1]. The growth of a non‐pathogenic E. coli strain is accelerated by catechola‐
mines and also by serotonin [2]. The microbiota, including E. coli and lactobacilli,
produce their own BAs [2] that might influence the host organism. The goal of this
work was to find out whether BAs have an effect on the growth of lactobacilli.
Materials and Methods. The growth of Lactobacillus acidophilus (helveticus) NK‐
1 on BS medium was monitored nephelometrically (λ = 252 nm) and by measuring
medium acidification. Freshly prepared aqueous solutions of serotonin, dopamine,
and norepinephrine hydrochloride were added to the culture upon inoculation.
Results. Within the physiological concentration range (10 nM to 100 μM), the tested
BAs only insignificantly (maximally by ~10% of the control value) increased the
growth of L. acidophilus NK‐1. At a supraphysiological concentration (1 mM), dopa‐
mine inhibited lactobacterial growth.
Conclusions. Our findings in conjunction with literature data suggest that BAs nega‐
tively influence the microbiota composition by stimulating the growth of pathogenic
rather than probiotic bacteria. BAs, and particularly catecholamines, are produced
in large amounts by the host under stress and, therefore, their dysbiosis‐promoting
influence might aggravate the detrimental effects of stress on the host’s health. In
conformity with V.P. Skulachev’s “phenoptosis” hypothesis [3], BAs‐stimulated path‐
ogenic microorganisms might be implicated in eliminating stressed individuals—a
potential burden for the whole population involved.
References
[1] Lyte, M., The microbial organ in the gut as a driver of homeostasis and disease, Medical Hypotheses,
2010, vol. 74, pp. 634‐638.
[2] Oleskin, A.V., El’‐Registan, G.I., and Shenderov, B.A. Role of Neuromediators in the Functioning of the
Human Microbiota: “Business Talks” among Microorganisms and the Microbiota‐Host Dialogue,
Microbiology, 2016, vol. 85, No. 1, pp. 1‐22.
[3] Skulachev, V.P. Phenoptosis. Programmed organism death, Biochemistry (Moscow),1999, vol. 64,
pp.1679‐1688.
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Genome‐wide gene regulatory network in the opportunistic human pathogenic
fungi Aspergillus fumigatus
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Question: Aspergillus fumigatus is an opportunistic human pathogenic fungus,
which can cause systemic infections that may lead to death in immunocompromised
hosts. Since still little is known about genes involved in virulences, it is important to
find essential genes for developing new medication. For this aim central genes (hubs)
are interesting network features, as they play crucial roles for information and en‐
ergy transport and thus, are potential drug targets.
Methods: For the identification of these hubs via topological analyses, a large scale
gene regulatory network was inferred based on public, as well as unpublished RNA‐
Seq data. As the number of available expression data is still insufficient, information
from various other sources was collected to complement the expression data. A lin‐
ear regression algorithm, based on LARS [1] and adaptive Lasso [2], wasutilised,
which was already applied to infer genome wide gene regulatory networks before
[3]. Despite the low measurable quality of the networks, robust hubs, i. e. genes with
a high number of outgoing interactions in multiple networks, were found andana‐
lysed.
Results: In this study, we inferred the first genome‐wide gene regulatory network
for Aspergillus fumigatus. Six reliable hubs were found, which showed a certain
robustness concerning various parameters.
Conclusion: These hubs include genes which are important for the stability of the
cytoskeleton and RNA metabolism as well as putative transcription factors. Thus,
they are potential drug targets.
References
[1] Efron et. al. The Annals of Statistics (2004)
[2] Zou. Journal of the American Statistical Association (2006)
[3] Altwasser et. al. Front. Microbiol. (2012)
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Absidia glauca and Parasitella parasitica have been recognised early as well‐
suited model organisms for studying host‐parasite interactions and later on for stud‐
ying naturally occurring horizontal gene transfer. In zygomycetes, sexual communi‐
cation between complementary mating partners is mediated by the trisporoid pher‐
omone system. A key enzyme for the biosynthesis of trisporic acid is 4‐
dihydromethyltrisporate dehydrogenase (TSP1). In the Mucor‐related mycoparasite
P. parasitica trisporoids have an additional function: They are also responsible for
host‐parasite recognition and the formation of characteristic infection structures.
Parasitic interactions are mating type dependent as well. In P. parasitica we can
study both types of communication in parallel.
We point out the potential of bioinformatics analysis for the prediction of possible
regulatory mechanisms at the post‐translational level. We are interested in the
mechanisms involved in the switch from sexual to parasitic communication and sub‐
stantiate a hypothesis derived from the unexpected occurrence of multiple TSP1
isoforms. A. glauca contains four, P. parasitica six genes coding for TSP1‐like pro‐
teins. We simulate dimerisation by performing protein‐protein docking with pre‐
dicted protein structures. The resulting models show differences in putative enzyme
activity (inactivation by locking of the active site) and binding preferences between
the different TSP1‐like proteins. In P. parasitica, two isoforms presumably form
solid binding pockets for substrate and cosubstrate after dimerisation. The other
four are more likely to represent regulating subunits for the two active isoforms. The
ability to form homodimers with enzymatic activity could be the crucial difference
between sexual and parasitic communication. TSP1 PARPA_07791 forms enzymati‐
cally inactive homodimers. The second TSP1, PARPA_04105, forms active homodi‐
mers and could be responsible for the parasitic pathway of communication. Both
TSP1 proteins can form more or less active heterodimers with the additional TSP1‐
like proteins. TSP1 PARPA_07791 mediates the sexual pathway, probably as in other
zygomycetous fungi like Mucor mucedo (Ellenberger et al., 2013). High sequence
identities between this TSP1 isomer and TSP1 from other zygomycetes substantiate
its function. In A. glauca, TSP1‐like proteins can be divided into two isoforms. One
of them shows also high sequence identities with TSP1 from other zygomycetes. The
second one seems to be Absidia‐specific.
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We tested the stability of TSP1 dimers by predicting protein structures of modified
TSP1 sequences and found out that modification of three amino acids is sufficient to
transform the inactive TSP1 isoform into an active one.
This bioinformatics study supports previous experimental findings of post‐transla‐
tional regulation of 4‐dihydromethyltrisporate dehydrogenases in zygomycetes and,
for the first time, provides a substantiated hypothesis of the underlying mechanism.
References
Ellenberger, S., Schuster, S., Wöstemeyer, J. (2013) Correlation between sequence, structure and function
for trisporoid processing proteins in the model zygomycete Mucor mucedo. J. Theor. Biol. 320:66‐75.
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Mathematical modeling can assist in understanding mechanisms and discovering
features of biological networks that may not be uncovered experimentally. Nowa‐
days, models become available to describe complex biological networks composed
of hundreds of parameters and state variables, e.g. in E. coli and S. cerevisiae[1].
Biological network models are usually in the form of nonlinear ordinary differential
equations (ODEs). However, parameters in such models are difficult to estimate, due
to lack of measurement[2,3,4]. It will be more difficult to perform closed‐loop param‐
eter estimation, since many biological networks contain feedback mechanisms.
In this study, we propose to employ a polynomial parametric modeling approach to
develop linear models which are nearly equivalent to the ODE models. Black‐box
models like OE (output error), ARX (autoregressive) and ARMAX (autoregressive
moving average) models are utilized to capture the properties and to validate the
effectiveness of such models in describing and predicting system behaviors. Such
models are relatively easy to be identified in the case of partially observed systems.
Closed‐loop identification could also be analysed and performed by using polynomial
parametric models.
In this study, this modeling approach is applied to the synthetic transcriptional cir‐
cuits in S. cerevisiae where the promoters (transcriptional factors) are input signals
to control the expression levels of output reporter proteins. Known as retroactivity,
the introduction of load plasmids will cause a slowdown of the network dynamics.
To eliminate retroactive effects, a load driver was introduced and biologically imple‐
mented by Mishra et al.[5]
In this study, parametric models will be constructed to predict the behaviors of the
genetic circuits under different environments, thus guiding the design of synthetic
genetic circuits. Structural identification will be carried out to determine the model
order and delays. Afterwards parameter estimation will be performed based on the
measured datasets of Dox (doxycycline) and GFP (green fluorescent protein) from
literature. Finally, model validation will demonstrate the effectiveness of the identi‐
fied circuit models.
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Emergent network properties and entrainment in the mammalian circadian clock
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Mutual coupling mechanisms between individual circadian oscillators have been ob‐
served at the cellular and behavioral level. In the mammalian Suprachiasmatic Nu‐
cleus (SCN), intact cell‐to‐cell communication has been shown to be quintessential
for a precise and robust generation of circadian rhythms. Additionally, social syn‐
chronisation of circadian rhythms has been reported in several cases such as bee
colonies or co‐habited mice.
Generally, mutual interactions between oscillators lead to emergent properties at
the network level which have an impact on the performance and the entrainment
properties of the circadian system as a whole. Here, we will propose theoretical con‐
siderations how to determine the coupling strength between circadian oscillators
based on emergent network properties such as the oscillators phase coherence or
amplitudes. Furthermore, we study how such intrinsic properties influence the sys‐
tems entrainment behavior under varying conditions such as different Zeitgeber
strength or photoperiods. Finally, we probe our theoretical results with contextual
models and experimental data.
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Carbon catabolite repression (CCR) controls the order in which different carbon
sources are metabolised. Although this system is one of the paradigms of the regu‐
lation of gene expression in bacteria, the underlying mechanisms remain controver‐
sial. Carbon catabolite repression involves the coordination of different subsystems
of the cell ‐ responsible for the uptake of carbon sources, their breakdown for the
production of energy and precursors, and the conversion of the latter to biomass.
The complexity of this integrated system, with regulatory mechanisms cutting across
metabolism, gene expression, and signalling has motivated important modelling ef‐
forts over the past four decades, especially in the enterobacterium Escherichia coli.
Different hypotheses concerning the dynamic functioning of the system have been
explored by a variety of modelling approaches (reviewed in Kremling et al., 2015,
Trends in Microbiology). In this study, based on a simple core model with only four
intracellular metabolites, we developed a number of model variants, all showing di‐
auxic growth behaviour during a batch process. The models can be categorized ac‐
cording to regulatory, stoichiometric, and physiological constraints and differ from
one another in only a single aspect. To get a closer look on the performance of the
models, we analysed two new experimental conditions, namely a glucose pulse for
a culture growing in minimal medium with lactose and a batch culture with different
initial concentrations of the components of the transport systems. In comparison
with experimental data for these two conditions a number of models could be ex‐
cluded while other model variants can still not be discriminated. The results suggest
that diauxic growth cannot be reduced to a single regulatory mechanism or physio‐
logical constraint; rather it is a superposition of a number of molecular mechanisms
and the relative contribution of each mechanism in different growth conditions re‐
mains to be determined.
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Kinetic models are essential to quantitatively understand and predict the dynamic
behaviour metabolic of networks. Detailed and thermodynamically feasible kinetic
models of metabolism are inherently difficult to formulate and fit. They have a large
number of heterogeneous parameters, are non‐linear and have complex interac‐
tions. Many powerful fitting strategies are ruled out by the intractability of the like‐
lihood function. Sampling strategies can overcome these difficulties, yet their formu‐
lation and implementation are far more challenging. Here, we describe a
comprehensive Bayesian sampling framework that enables the fitting of feasible and
detailed kinetic models of metabolism. The framework employs a General Reaction
Assembly and Sampling Platform1 (GRASP) capable of consistently parameterising
and sampling thermodynamically feasible kinetics using minimal reference data.
GRASP combines the concerted MWC model with elementary reaction formalism to
describe both general non‐allosteric ‐ i.e., sequential and random‐order ‐ and allo‐
steric kinetics. Notably, GRASP constitutes a convenient prior for Bayesian inference
in kinetic modelling, as it incorporates prior knowledge in the form of thermody‐
namic relationships, thereby ensuring the feasibility of the sampled parameters. We
have exploited this feature and implemented an Approximate Bayesian Computation
framework for kinetic model construction and parameter fitting. Application of this
approach enabled unravelling the dynamic properties of both single‐enzyme kinet‐
ics2 (considered as a set of elementary reactions) and metabolic networks3,4 (consid‐
ered as a set of enzymatic reactions). In particular, a posteriori analysis of the pa‐
rameter distribution enabled accurate prediction of control and metabolic states,
identification of important regulatory interactions (model selection) and screening
of informative perturbations (experimental design). We have illustrated the capabil‐
ities of our framework in several cases ranging from simple study cases to real path‐
ways involving complex metabolic regulation such as the E. coli MEP pathway. Over‐
all, this framework provides a statistically sound framework for parameter inference,
prediction intervals and model selection without sacrificing thermodynamic feasibil‐
ity nor kinetic detail.
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Question
Dimerisation of the glucocorticoid receptor (GR) is an integral step in glucocorticoid
signalling and has been identified as a possible molecular target for drug develop‐
ment of dissociated glucocorticoids with reduced side‐effects. Nevertheless, our un‐
derstanding of the implications of GR dimerisation in glucocorticoid signalling is lim‐
ited. GR concentrations vary considerably between tissues and under different
physiological conditions. A recent study from our group found a 2700‐fold increase
in dexamethasone potency via the GR over a physiologically relevant range of GR
concentrations. This increase was linked to ligand‐independent dimerisation of the
GR, which was correlated to receptor concentration. We aim to provide a mechanis‐
tic explanation for this effect.
Methods
GR activation may be described as a moiety‐conserved cycle of four association re‐
actions, i.e. receptor ligand binding, receptor‐ligand dimerisation, ligand‐independ‐
ent receptor dimerisation, and ligand binding to receptor dimer. To calculate the ef‐
fect of receptor concentration on dimerisation, a model of the GR dimerisation cycle
was created using mass‐action equations for conversion between the various spe‐
cies. To construct the model, the Kd of ligand binding to monomeric GR was obtained
from saturation binding studies with a dimerisation‐deficient GR mutant, GRdim. The
equilibrium constant for ligand‐independent dimerisation was derived from FRET
data with constructs expressing CFP and YFP‐tagged GR. The remaining equilibrium
constants were obtained from a global fit of a kinetic model of the thermodynamic
box to saturation binding data from cells expressing low, medium and high GR levels.
Results
The model can mimic the increase in potency and Hill slope with increasing GR con‐
centrations, and moreover provides the ability to calculate the concentrations of the
various liganded and unliganded GR species (both as monomers and as dimers) for
arbitrary ligand concentrations. Using a combination of experimental data from flu‐
orescence‐activated cell sorting of a cell population expressing GFP‐tagged GR and
results from our kinetic model, we show firstly, that cell cultures transfected with GR
are highly heterogeneous in the amount of GR expressed per cell and that all cultures
‐ those expressing both a low and a high average GR concentration ‐ contain cells
expressing low and high GR levels; secondly, that cell populations expressing low vs.
high average concentrations of GR differ in the number of cells expressing low vs.
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high GR concentrations, not in the GR concentration per cell; and thirdly, that this
has profound effects on GR signalling due to the GR dimerisation cycle.
Conclusion
Our kinetic model serves as an entry point for further quantitative dissection of the
time‐dependence of the response of GR to ligand addition and provides a platform
for further quantitative analysis of the regulatory behaviour of the GR and the role
of the dimerisation cycle in this process.
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Modelling the stress response of the mTOR network
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The mammalian target of Rapamycin (mTOR) is a conserved serine/threonine kinase
in invertebrates and mammals that has a central role in cellular growth and survival.
mTOR activation has been linked with organismal aging and age‐related diseases in‐
cluding cancer. Hence, mTOR is an important clinical target for cancer therapy. mTOR
resides in two multiprotein complexes termed mTOR complex 1 (mTORC1) and
mTORC2. The mTOR network encompasses important oncogenes and tumor sup‐
pressors such as PI3K, Akt, and AMPK and is multiply intertwined by feedback mech‐
anisms. Both mTOR complexes are activated by metabolic cues. mTOR also responds
to a variety of stresses relevant in cancer and aging, such as oxidative stress and en‐
doplasmic reticulum stress but the underlying mechanisms and elicited network dy‐
namics are poorly understood. Here, we aimed at gaining new insight into the mTOR
network topology and oncogene regulation upon stress. We applied a combined
computational‐experimental approach and established a dynamic mTOR network
model based on semi‐quantitative phosphorylation data. We observed that the
mTOR network differentially responds to different stress inputs, affecting its re‐
sponse to drug interventions. Stress induced mTOR network‐marker signatures may
provide a means to guide individualized therapies.
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The synchronisation of spontaneous oscillators through phase adaptation has been
the topic of a number of theoretical studies as well as studies of a few naturally oc‐
curring model systems e.g. calcium oscillations involved in signaling and circadian
rhythms in Drosophila. We have investigated a similar phenomenon in the glycolytic
oscillations in single yeast cells using microfluidics, optical tweezers and fluorescence
microscopy. Experimentally we observed a well‐defined trend of phase adaptation
related to the phase of perturbation. Using a detailed mechanistic model of glycolytic
oscillations, constructed and validated in our group, we analysed this phenomenon
using typical topological methods as well as metabolic control analysis and mecha‐
nistic interpretations of metabolic perturbations. We could identify key regulatory
features of the metabolic network responsible for the observed phase shifts and re‐
late this to previously postulated phase shift mechanisms in glycolysis.
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Streptococcus mutans is considered the main causative agent of caries. Amongst
other virulence traits, it is capable of inducing natural genetic competence, which is
regulated by the so‐called ComDERS system. This system involves quorum sensing,
whose signaling peptide stimulates its own expression in a positive feedback loop.
Under certain homogenous experimental conditions, competence development oc‐
curs only in a subpopulation of isogenic cells.
This bimodality is generated by cellular noise, which refers to the random variability
of quantities like mRNA and protein copy numbers. From a modeling perspective, it
has previously been attributed to deterministic bistability. However, deterministic
models are unsuitable for studying the random establishment of population hetero‐
geneity. Moreover, we show that significant deviations between deterministic and
stochastic model behavior are possible, depending on newly identified properties of
regulatory circuits. In particular, we present a novel class of bistable but unimodal,
and of monostable but bimodal systems.
We thus apply stochastic modeling in terms of the chemical master equation to de‐
scribe a simplified, generalized version of the ComDERS system. Our aim is to analyse
how the robustness of different protein expression states can be independently
modulated in such a minimal single‐feedback system, so that cells can randomly
switch to the active state through intrinsic noise, while uncontrolled deactivation is
prevented. First, topological and kinetic circuit properties are identified that influ‐
ence the variances of mRNA and protein fluctuations. Second, the occurrence of
translational bursts is quantified based on reaction propensities. Novel graphical
methods are then derived for identifying circuit designs that create distinct noise
levels at different cellular states. This way, transition probabilities between cellular
states can be adjusted, so that population heterogeneity (e.g. in competence devel‐
opment, but also in synthetic biology applications) can be generated in a reproduci‐
ble manner, thereby increasing the overall resistance towards environmental
stresses.
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Cullin‐RING ubiquitin ligases (CRLs) comprise the largest family of E3 ligases which
target cellular substrates for ubiquitin‐dependent degradation by the 26S pro‐
teasome. SCF ligases represent a subclass of CRLs which consist of a cullin1 (CUL1)
scaffold that is inked to a RING finger protein (RBX1). Degradable substrates are rec‐
ognized by dedicated F‐box proteins which compete for binding to the CUL1 scaffold
via the SKP1 adaptor protein. The number of different SCF (CUL1‐SKP1/F‐box) com‐
plexes in humans is expected to be large (>50), but regulation of their assembly and
disassembly is only beginning to be understood.
Recent experiments indicate that the CUL1‐associated protein CAND1 might play an
important role in the regulation of SCF ligase activty: In its absence, spontaneous
dissociation of SCF complexes is extremely slow (~ days), but binding of CAND1 to
SCF dramatically increases the dissociation rate of SKP1/F‐box substrate receptors
(SRs) by about 5‐6 orders of magnitude [1]. Together this indicates that CAND1 me‐
diates the exchange between different Skp1/F‐box pairs which may enable cells to
dynamically adjust their SR repertoire to the availability of substrates [2]. However,
earlier studies found that CAND1 inhibits SCF activity in vitro by sequestering CUL1
into inactive complexes. Here, we show through mathematical modeling and analy‐
sis that these two findings are not contradictory, but that the exchange activity of
CAND1 necessarily leads to an apparent reduction in SCF ligase activity by lowering
the steady state occupancy of SCF complexes. We show that there exist two operat‐
ing regimes of the CAND1‐mediated exchange cycle depending on the relative abun‐
dances of CAND1 and CUL1. The existence of these operating regimes creates a
trade‐off between high SCF occupancy when CAND1 < CUL1 and fast SCF exchange
when CAND1 > CUL1 which results in an optimal CAND1 concentration where the
substrate degradation rate becomes maximal. We argue that the operating regime
oft the CAND1 cycle is similar to that of systems involving nucleotide exchange fac‐
tors.
References
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Photoreceptors in the retina of the eye send information to the lateral geniculate
nucleus (LGN) of the thalamus. In the LGN the signal is both processed and relayed
to the visual cortex, and in return the LGN receives strong feedback connections from
the visual cortex that results in a complex interaction of excitation, inhibition, and
modulation. One such modulation is regulated by the facilitating neurons in the vis‐
ual cortex. Facilitation is the observed phenomena where upon a tight second stim‐
ulation, the second response is higher than the first, as measured by excitatory
postsynaptic currents (EPSCs).
The function of facilitation is unknown, but recent findings indicate it is important
for cognitive function. It is also suspected that hyper‐sensitive facilitation could be
involved in epilepsy by inducing a feedback loop of constant re‐firing. The underlying
mechanisms of facilitation in these cells are unclear. Potential candidate hypotheses
involves endogenous buffers, limited vesicle pools at the synapses, and spatial ef‐
fects such as vesicle crowding at the active zone of the synapse. Using mathematical
models and experimental testing, these mechanisms have independently been
shown to be able to produce facilitation. However, it is not known which of these
mechanisms, if any, are actually used in tonic synapses to achieve facilitation, and if
the mechanisms differ between different tonic synapses.
It has been suggested that more than one mechanism might be necessary to achieve
the high level of facilitation observed in the pyramidal nerve cells in layer six of the
visual cortex. Here we use a minimal model approach to test different hypotheses
for the observed measurements of facilitation in these cells. We translate these dif‐
ferent mechanisms into a series of ODE models and show quantitatively that they
can all individually fit to the observed ESPC data. By studying aspects of these models
in detail, such as the ability to avoid accumulating residual calcium or the depend‐
ence of facilitation on Syt7, we proceed to reject all but one surviving hypothesis.
These findings are of importance for understanding and modeling cognitive function
and have potential for future drug targets and treatment of related diseases such as
epilepsy.
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Question
We aim to understand the ultra‐sensitivity that characterizes signal propagation in
large multi‐subunit ring assemblies. We examine two assemblies, the bacterial fla‐
gellar rotor and the calcium calmodulin dependent kinase II (CaMKII). The switching
of bacterial flagellar motor rotation sense is ultrasensitive to changes in phosphory‐
lation levels of the cytoplasmic second messenger CheY. Activation of CaMKII is ul‐
trasensitive to transient changes in calcium calmodulin concentration that trigger
long‐term potentiation upon synaptic stimulation.
Methods
We have developed computational methods combining residue co‐evolution with
protein dynamics simulations for analysis of long‐range inter‐subunit interactions in
macromolecular ring assemblies (Pandini et al. (2015) Biophys. J, 109: 975‐87;
Pandini et al. (2016) Structure (in press)). Since the available X‐ray structures typ‐
ically capture few conformations we generated conformational ensembles with
tCONCOORD (Seeliger et al (2007) Structure, 15, 1482‐92) to better characterize
the conformational space. Local dynamic couplings were then compared against the
residue coevolution network and global conformational changes to map physiologi‐
cally relevant collective motions.
Results
We find that long‐range elastic couplings between subunits are central to the allo‐
steric networks that mediate large displacements of a‐helix elements, albeit for dif‐
ferent aims. In the bacterial flagellar motor, phospho‐CheY binding to FliM subunits
in the rotor, a large assembly of over 100 subunits, initiates transverse conforma‐
tional spread of fluctuations in the rigid FliM middle domain. The spread is coupled
to propagation across the heterologous FliM and FliG subunit interface for orthogo‐
nal re‐orientation of a distant FliG helix adjacent to the membrane. Reorientation
alters helix interactions with transmembrane stator complexes for rotation reversal.
In CaMKII, calcium calmodulin binding triggers dissociation of a regulatory helix that
serves as pseudo‐substrate, from the kinase active site. This local change is coupled
to global changes in kinase domain orientation and conformation. As in the case of
CheY, the calmodulin is bound long enough to ensure conformational spread of
global motions in the twelve‐subunit, two‐ring assembly. The spread in turn enables
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co‐operative dissociation of regulatory helices across subunits for inter‐subunit
phosphorylation responsible for the ultra‐sensitive coincidence detection.
Conclusion
Our results identify important hinge elements whose inter‐subunit couplings gener‐
ate mechanical amplification that underlies the long‐range coupling in these allo‐
steric networks. We will discuss how this insight has general implications for allo‐
steric coupling as well as suggest novel strategies for drug design for treatment
against a diverse spectrum of diseases mediated by non‐flagellar Type III homologs,
in the case of the flagellar motor, and impaired learning, in the case of CaMKII.
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Auto‐correlation of high‐precision NFkB oscillation data for dynamic mean
population models of TNFa signaling
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Dynamic mean population models constitute a frequently utilized model class in sys‐
tems biology. Those models describe cellular processes deterministically by ordinary
differential equations (ODEs) and their predictions can be interpreted as the mean
behavior of a cell population. Some dynamic systems exhibit the property that vari‐
ations in the model parameters, e.g. due to biological variability, lead to qualitatively
different predictions. The mean prediction is not a solution of the ODE any more.
Consequently, fitting the model to a hypothetical noise‐less observation of the mean
yields non‐zero residuals that might be highly correlated.
Here we discuss a TNFa model that is calibrated based on densely sampled, precise
NFkB oscillation data and sparse Western Blot data for targets like inhibitor of kappa
B (IkBa), IkB kinase (IKK) and NFkB phosphorylation. We develop a strategy to esti‐
mate the expected covariance structure and correlation length of residuals from re‐
peated time‐course measurements. Judging from the covariance structure, we con‐
clude that the combination of precise and imprecise data leads to over‐fitting of the
NFkB oscillations. Conversely, the residual correlation can be employed to adjust the
weighting or sampling width of the time‐series data.
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The insulin response of adipocytes has been modeled in detail for the core of the
signaling network. These mechanistic models are based on time‐resolved, high‐qual‐
ity data and can therefore capture the dynamics of insulin signaling in cells from con‐
trol subjects. These models can also, by changing a single mechanism, describe the
insulin response in patients with type 2 diabetes. However, the models developed
so far only contains ~10 proteins, and therefore the knowledge is limited to less than
one percent of the total cellular insulin response.
With the arrival of new experimental techniques, there are now time‐resolved mass‐
spectrometry data available for the entire phosphoproteome in response to insulin
‐ around 36 000 measured sites ‐ in an adipocyte cell line behaving like cells from
healthy controls. We are therefore developing a new method to expand the previous
small‐scale mechanistic models to contain such omics data ‐ without losing the
mechanistic properties. Our method combines omics data with established prior
knowledge to expand a “core model” containing already known interactions. In de‐
tail, the core model is expanded in an iterative fashion by giving the states of the
core model as input to new proteins, using a list of possible interactions from prior
knowledge databases. If the model simulations and data are in agreement, the new
protein will be added to the model. These added proteins are then used as new po‐
tential inputs for the next iteration. This process is repeated until no more proteins
can be added. As a next step, the model can be further extended by adding data‐
driven interactions, extra interactions, and/or feedbacks.
With this method, we achieve a phosphoproteome‐wide mechanistic model for the
cellular insulin response which is in agreement with both time‐resolved data and
prior‐knowledge. By changing the single disease mechanism, the model can then be
used to simulate diabetes system‐wide and thereafter be used to e.g. search for new
drug targets, or to study the behavior of phosphorylations in high‐resolution.
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Glycine is a wide‐known neuro mediator which initiates the inhibition of neurons by
the activation of Cl(‐)channel‐type ligand‐dependent receptor. The concentration of
such a mediator in the synaptic cleft is regulated by the family of glycine transporters
(GLYT). It is generally accepted that these carrier provides symport of 2(3)Na+/Cl‐
/Glycine. However, the two forms of the carrier have various kinetic parameters and
they represent different membrane localisation. Using stochastic simulation of
GLYT1/2 activity it was shown that glycine transport could be supported by the equi‐
librium fluctuation of ions in glia cells. It is supposed a physiological application of
such a phenomenon.
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Studying the effects of fructose on hepatocyte metabolism through HepatoDyn
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In the last decades there has been a significant increase in fructose in our diets and
accordingly there is great interest in studying the potential effects of fructose in the
metabolism. To date, fructose‐rich diets have been associated with many adverse
metabolic conditions, such as nonalcoholic fatty liver disease, insulin resistance and
obesity most of which are directly or indirectly related to abnormal hepatocyte func‐
tion. Therefore, we used HepatoDyn to study the short‐term response of hepatocyte
metabolism to different concentrations of fructose. HepatoDyn is a highly detailed
dynamic model of hepatocyte metabolism that is coupled to the module for isotopic
label propagation of the software package IsoDyn, allowing HepatoDyn to integrate
data derived from 13C based experiments. Through the integration of extracellular
fluxes and 13C enrichment measurements, HepatoDyn predicted that incubation of
hepatocytes with high doses of fructose induced an ATP depletion which severely
impaired hepatocyte functions.
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Metabolic balance mediates seed germination: a population wide integrative
analysis of the effect of the environment and genetics on the link between seed
metabolism and germination
Leah Rosental1, Aaron Fait1
1
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The metabolite content of the seed and its ability to germinate are determined by
genetic makeup and environmental effects during development. The interaction be‐
tween genetics, environment and seed metabolism and germination was studied in
72 tomato homozygous introgression lines (IL) derived from Lycopersicon pennelli
and L. esculentum M82 cultivar. Plants were grown in the field under saline and con‐
trol irrigation during two consecutive seasons and collected seeds were subjected to
morphological analysis, gas‐chromatograph‐mass‐spectrometry (GC‐MS) metabolic
profiling and germination tests. Seed size was under tight genetic regulation but it
was not related to germination. Salinity significantly reduced seed number, but had
little effect on seed metabolism, affecting only 1% of the statistical comparisons. In‐
tegrative analysis of the metabolic and germination data revealed the existence of
metabolic proportions unambiguously associated with germination percentage and
rate and mostly irrespective of the conditions during seed development. Metabolites
negatively related to germination were simple sugars and most amino acids, while
positive relations were found for several organic acids and N metabolites urea and
dopamine. Germination tests identified putative loci for improved germination as
compared to M82 and in response to salinity, which were also characterized by de‐
fined metabolic changes in the seed. The effect of seed metabolite composition on
germination is discussed within the frame of current knowledge on seed germination
and parental effect.
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Modeling phosphorus uptake of Chlorella vulgaris
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Phosphorus (P) is a finite non‐renewable resource, a major nutrient for plants, and a
foundation of modern agriculture. Nevertheless, the efficiency of P usage today
hardly reaches 20% with the rest ending in waste water or being carried away by
runoff from fields to rivers and oceans.
In the BioSC Boost fund project AlgalFertilizer, we investigate the potential to close
the cycle from waste back to agriculture by exploiting the capability of microalgae to
accumulate large P quantities. This potential of algae for a ‘luxury P uptake’ will be
combined with the benefit of delayed release of P from the algal biomass applied as
a fertilizer to soil. To achieve our goal, we a) systematically investigate the capability
of microalgal strains of the species Chlorella vulgaris to sequester P from waste
water effluent, b) study how P in algae‐derived, P‐rich fertilizer deploys to the soil
and is taken up by plants, comparing the efficiency with traditional fertilizers, c) dis‐
cover the molecular mechanisms underlying luxury P uptake and storage in algae and
d) develop mathematical models providing a theoretical framework in which to in‐
terpret our experimental findings, to derive a systemic understanding of the P cycle,
and to develop future strategies to optimize the results obtained during the lifetime
of our project.
The increased accumulation of phosphorus at non‐surplus conditions of external
phosphorus in certain algae strains has yet to be understood completely. By now, it
is not known how, where and in which form phosphorus is stored. Our assumption
is that the storage of surplus P occurs in form of polyphosphates in the cell. Also,
different light conditions have an influence on the concentrations of different algal
P‐pools regulating key metabolic pathways such as the Calvin‐Benson‐Cycle.
We use models to understand the underlying dynamics of the conversion of different
P‐pools in soil, the transport and utilisation of P within the plant, and the distribution
and usage of P‐forms in the algal cell under different environmental P conditions.
Our modeling approach consists of the combination of three models:
1. An algal P‐pool‐model which simulates the uptake of external phosphorus
into an algal cell and the distribution between the polyphosphate and the or‐
thophosphate pools within the cell,
2. a plant‐phosphorus‐model which describes the transport of phosphorus
from root to shoot to grain considering the growth of the plant at the same
time, and
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3. a plant‐soil‐phosphorus‐model which simulates the pathway from an algal
fertilizer in the soil into different soil P pools and the uptake into plant roots.
In a first step, we set up a model that describes P‐uptake and algal growth including
light conditions. The model is based on experiments that investigate the uptake of P
by P‐hungry and P‐saturated algae from P‐rich and P‐limited medium. In a second
step, we update the model to be able to distinguish between the algal ortho‐ and
polyphosphate pools. This update is based on experiments investigating the uptake
of P by P‐hungry and P‐saturated algae into the two P‐pools under different light
conditions. Using the model, we are able to understand the mechanics of ‘luxury P
uptake', leading us further to the necessary understanding of algal P‐uptake to clean
waste water.
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Modelling metabolism of the diatom Phaeodactylum tricornutum
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Diatoms are photoautotrophic unicellular algae and are among the most abundant,
productive and environmentally adaptable marine phytoplankton. In contrast to
higher plants, diatoms posses different localisation and regulation of the Calvin cycle
enzymes and the oxidative pentose phosphate pathway. Recently, Entner‐Doudoroff
and phosphoketolase pathways, commonly found in prokaryotes, have been re‐
ported to be present in the model diatom Phaeodactylum tricornutum. The major
storage molecules of diatoms are triacylglycerols and polysaccharides, and this ca‐
pability has raised new possibilities to increase algal oil production as an alternative
source of energy.
The goal of this project is to investigate the metabolism of P.tricornutum using a
genome scale metabolic model (GSM), which describes the metabolic interactions in
a given organism based on thereaction network predicted from enzymes encoded
by the genome. This investigation is an effort tobetter understand the biochemistry
of diatoms, particularly lipid synthesis, in order tomake them an economical algal
strain for biofuel production.
A GSM of the P.tricornutum has been constructed and is analysed using Flux Bal‐
ance Analysis (FBA). Itis capable of producing all major biomass components under
a range of realistic environmental conditions. Here we present FBA results from a
mixotrophic condition where the source of energy is light and organic carbon, glyc‐
erol. It shows thatacetyl‐CoA, the precusor for lipid synthesis, can be produced
through the phosphoketolase pathway and/or via pyruvate dehydrogenase, which
not only reflects the metabolic potential of this organism but also highlights the im‐
portance of the presence of the phosphoketolase pathway.
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Dynamical modelling of the heat shock response in Chlamydomonas reinhardtii
Stefano Magni1, Antonella Succurro1, Alexander Skupin2, Oliver Ebenhöh1
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Organisms exposed to large temperature changes react typically by a heat shock re‐
sponse (HSR). We have built a data driven mathematical model describing the dy‐
namics of HSR in Chlamydomonas reinhardtii, a model organism for green algae.
We focus on the mechanism sensing temperature variations by the accumulation of
unfolded proteins, which are repaired by the activation of corresponding genes ex‐
pression leading to synthesis of heat shock proteins (HSP). We employ a system of
ordinary differential equations, mainly based on mass‐action kinetics. The signalling
network is reconstructed from multiple experimental data‐sets available in the liter‐
ature, which we use to calibrate and subsequently validate the model. We show that
the system can adapt to higher temperatures during heat shocks longer than three
hours, by shifting to a new steady state. We investigate the system response to a
smooth variation in temperature simulating a hot day, showing that the percentage
of proteins which are unfolded remains well below one percent. Furthermore, we
use the model to systematically investigate how the accumulation of HSPs depends
on the combination of temperature and duration of the heat shock. These findings
are of rather general validity due to the conservation of HSR among species. We fur‐
ther propose an extension of the model to describe how HSR could be elicited also
by light in C. reinhartii by an independent regulatory pathway. This extension aims
at investigating the potential role of an intermediate of Chlorophyll biosynthesis, Mg‐
Protoporphyrin IX, as a mediator in the signalling pathway between chloroplast and
nucleus.
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Generation and experimental validation of the plant immune signalling network
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Pathogen infection of a plant triggers a complex interaction between both players
involved, resulting in changes of the complex signalling network, such as changes in
gene activity or reprogramming of the cell metabolism. In order to understand the
mechanisms and dynamics involved, a systems biology approach was adopted to
model the complex biological processes associated in the interplay between potato
and its defense components following the infection with potato virus Y (PVY).
A qualitative model of plant defence signalling network (PDS) was constructed from
the literature (Miljkovic et al., 2012). The model described the biosynthesis and sig‐
nal transduction pathways for three crucial phytohormones involved in plant de‐
fence: salicylic acid (SA), jasmonic acid (JA) and ethylene (ET). This manually gathered
knowledge was complemented with information from publically available high‐
throughput experiment datasets, namely protein‐protein interactions, transcription
factor regulation and non‐coding RNAs. In addition some specific targetted datasets
on the interaction between viral and plant components were included. The resulting
large knowledge network was translated from Arabidopsis to potato using PLAZA
(Proost et al., 2014) as a converter reference. Lastly, the network was joined with
own produced experimental data ‐ a short transcriptomics time‐series (five time
points) measuring potato response to viral infection. This data was used to prepare
two types of co‐expression networks ‐ one using a targetted approach and another
using the algorithm of BioLayout. These three data sources (PDS model, arabidopsis
public knowledge network and experimental co‐expression networks) were com‐
bined and analysed for presence of intriguing clusters, confirmed experimentally on
Arabidopsis data, as well as in our expression data sets ‐ with the tasks of finding
new connections between existing nodes, new nodes important for the potato im‐
mune system (PIS) model and new pathways of defense induction. The resulting
qualitative model offers new insights into the plant‐virus interaction by expanding
the knowledge on critical components of plant defence signalling, thus producing
novel hypotheses to be tested in the wet lab. First efforts of dynamical modelling of
the selected ethylene model sub‐component were already performed, indicating the
importance of protein degradation efficiency to obtain biologically relevant repre‐
sentations of network responsiveness.
References
Miljkovic et al. (2012). Signalling Network Construction for Modelling Plant Defence Response. PloS ONE,
7(12), e51822. doi:10.1371/journal.pone.0051822
Proost et al. (2014). PLAZA 3.0: an access point for plant comparative genomics. Nucleic Acids Research,
1‐8. doi:10.1093/nar/gku986
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The many routes to blooming as outcomes of a divergent selection experiment for
flowering time in maize
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Question
Contrary to other multicellular species, plants are producing new organs and un‐
dergo several developmental transitions almost all along their life‐cycle. Hence,
growth and development are intrinsically linked to determine the timing of flower‐
ing. Here we used an original plant material that results from two independent Di‐
vergent Selection Experiments (DSEs) for flowering time that started from two maize
inbred lines. We obtained for each DSE two derived populations of Early‐ and Late‐
flowering genotypes, structured into eight families (Durand et al, 2010, 2012, 2015).
Using this plant material, comparisons between Early and Late families from the
same DSE allow to compare genotypes that have major differences in flowering time
within the same genetic background, and to search for the determinants of flowering
time. Comparisons between Early families or between Late families allow to explore
the bases of phenotypic convergence. Our hypothesis is that convergence and diver‐
gence for flowering time is achieved through different developmental pathways in
the different families.
Methods
Since four years, we have been characterising representative progenitors from gen‐
eration G13 fo the DSEs. We set up quality protocols for phenotyping (phyllochrone,
plant architecture, developmental transitions) and molecular phenotyping (prote‐
omics, RNA‐Seq) from plants grown in the field. We used plant dissections to monitor
the changes of visible and non visible organs’ sizes. Altogether, we produced high
quality datasets that accurately describe plant growth and development for different
Early and Lates progenitors issued from the DSEs. Datas were used to refine a dy‐
namical model of maize shoot development, from the acquisition of autotrophy to
flowering time (Zhu et al, 2014).
Results
Our preliminary results show that response to selection is due to a variety of changes
affecting different aspects of the life cycle. Differences between Early and Late gen‐
otypes concern both timing of transitions, phyllochron, and the delay between the
end of leaf emergence and blooming, while organs’ growth rates were much less
variable. Similarly, RNA‐Seq analyses on the shoot apical meristem extracts revealed
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about 10000 genes differentially expressed before and after floral transition, with
only hundreds of them being also differently expressed between genotypes, espe‐
cially during floral transition. Besides the validation of the coordination rules of the
plant model, our results suggest that the traits targeted by selection concern changes
in the timing of developmental transitions, rather than changes of the developmen‐
tal programme.
Conclusions
Our main results are that differences between Early and Late progenitors can affect
the timing of all developmental transitions, and that phenotypic convergence for
flowering time between Early or between Late progenitors is achieved through dif‐
ferent developmental routes.
References
Durand et al (2009) BMC Evol Biol 10:2. Durand et al (2012) Genetics 190:1547. Durand et al (2015) BMC
Evol Biol 15:103. Zhu et al (2014) Annals of Bot 114:753.
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Characterising maize leaf mechanics through automated fitting of tissue swelling
data
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Mathematical modelling is increasingly contributing to plant physiology research.
Plants retain the potential to grow throughout their lifetime. This plasticity, instru‐
mental for plant adaptation to changing environments, depends on the presence of
centres of cell proliferation called meristems. With an increasing world population
under progressive climate extremes, there is a need to better understand the influ‐
ence of abiotic stress conditions, like drought, on plant growth regulation. As an im‐
portant crop, maize (Zea mays) is model organism for growth of grass‐like plants.
Maize leaves essentially have a linear organisation of developmental zones with the
meristem or division zone at the leaf base followed by an expansion or elongation
zone and a mature zone. Interestingly, due to the size of its leaves the different zones
are easier to manipulate and analyse than other model plants.
To complement a recently developed regulatory network model for the maize leaf,
i.e. to refine its mechanical and hydraulic components, (sub‐)zonal swelling experi‐
ments have been performed. First a leaf tissue model was implemented in the open
source vertex‐based modelling framework VirtualLeaf, which describes plant tissue
as a mesh of polygonal cells consisting of vertices connected by arrows that repre‐
sent cell wall segments. Cells and walls are endowed with dynamic biochemical prop‐
erties. Cell walls are assumed to have elastic (reversible) and plastic (irreversible)
properties. Central to the framework is a generalized energy function or Hamiltonian
H which is minimized through random displacements of the vertices of the tissue to
converge to mechanical equilibrium.
In this version of the Hamiltonian, the first term represents the turgor pressure po‐
tential as the sum of the squared differences between the actual area (ai) and target
area (Ai) of the cells. The second term represents the elastic wall potential via the
fractional differences between the actual length (lj) and the rest length (Lj) of the cell
walls. Each mechanical equilibration is followed by a step to solve the equations that
update the Ai and Lj parameters (and chemical concentrations if applicable). Pre‐
cisely those equations, particularly through the three parameters: elastic expansion
rate (ER), stress threshold (ST), and growth rate (GR), determine the timing and ex‐
tent of plastic deformation.
For the swelling experiments the fifth leaf of maize (B73 line) plants, grown under
normal conditions, mild and severe drought, was harvested three days after leaf ap‐
pearance. Then tissue samples were excised at 1 cm (division zone), 3 cm (transition
zone), 5 cm (expansion zone), and 10 cm (mature zone) from the leaf base. After pre‐
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incubation in weakly hypertonic 0.75 M mannitol solution, the slices were put in de‐
mineralized water for swelling during 60 minutes and brought back into the mannitol
solution. Based on binocular images the fractional length changes (‘strain’) could be
calculated as a function of time. To fit these data a simulation database was popu‐
lated for different realistic values of the three parameters ER, ST, and GR using py‐
thon scripting. Form this database a new database with the strain data was derived,
which served to find the best fit to the experimental data via a dedicated pro‐
gramme. Statistical analysis of the results indicated zone and growth condition spe‐
cific differences in ER and ST, and suggested possible model improvements, mainly
through more realistic turgor expressions.
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Brassinosteroids (BRs) are plant hormones involved in various growth and develop‐
mental processes1. Besides the signalling‐cascade leading to BR‐controlled gene ex‐
pression, BRs also induce a fast response pathway in the plasma membrane of Ara‐
bidopsis thaliana, which results in the receptor‐dependent activation of the P‐type
ATPases2. The increased ATPase activity causes an acidification of the apoplast and
a hyperpolarisation of the plasma membrane leading to cell wall expansion and
eventually cell elongation.
Here, we constructed a computational model of the fast BR response to gain more
insight into the signalling pathway. The current model comprises the ligand brassino‐
lide (BL), the receptor BRI1, the co‐receptor BAK1, the inhibiting pseudo‐kinase BIR3,
the inhibitors BKI1 and BIK1, as well as the P‐type ATPase AHA1 and AHA2. Based on
molecule numbers of BRI1, BAK1, BIR3 and AHA2 as well as the affinities of the re‐
ceptor to brassinolide, we fitted the remaining parameters to existing dose‐response
data of the membrane potential creating several distinct parameter sets. With the
resulting ensemble of models, we can describe the dose‐response data. Further‐
more, all models consistently represent the overexpression behaviour of BIR3 and
BRI1 with respect to qualitative signalling.
Experiments indicate a decreased ATPase to receptor ratio in the root meristematic
zone compared to the elongation zone. In the computational model this corresponds
to a reduced response to BL stimulation with little change in the membrane poten‐
tial. Therefore, we suggest that the ATPase to receptor ratio is fundamental to the
response of different root zones, which we continue to investigate using experi‐
mental and computational approaches.
References
[1] Clouse, S. D. Brassinosteroid signal transduction: from receptor kinase activation to transcriptional
networks regulating plant development. Plant Cell 23, 1219‐30 (2011).
[2] Caesar, K. et al. A fast brassinolide‐regulated response pathway in the plasma membrane of
Arabidopsis thaliana. Plant J. 66, 528‐40 (2011).
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Genome scale metabolic models of A. thaliana and C. reinhardtii help to
investigate energy dissipation mechanism under supra optimal light conditions
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A Genome Scale Metabolic Model (GSM) represents the entire metabolic capabilities
of an organism and is built from data typically extracted from annotated genome
databases. With aid of other computational tools, GSM can be used as an in‐slico lab,
allowing us to simulate metabolic behaviors of an organism under given environmen‐
tal conditions. Here, we present fully compartmentalised GSMs of Arabidopsis tha‐
liana and Chlamydomonas reinhardtii, reconstructed using the latest annotations
in the BioCyc database. As both the models are based on a recent release of the
database, with more genome annotations, they includes large coverage of metabolic
networks compared to their predecessors, hence gives more opportunity for devel‐
oping newer insight about organism's metabolic behaviors.
Under natural environment, plants and algae are exposed to various light conditions
which affects their photosynthetic productivity. Under high light conditions, absorp‐
tion of light energy becomes excessive, compared to that required by photosynthetic
activity, thus generating excess energy in the system, which is harmful to these or‐
ganisms. We have used the light scan analysis technique, to analyse the reactions
particularly responding to the high input of photon flux in both the models and iden‐
tified potential metabolic cycles, that could act as potential energy dissipation modes
under supra optimal light conditions. Also, properties and interrelationship of 23
such cycles in case of the A. thaliana model and 11 in case of C. reinhardtii model
is analysed. Moreover, we present explanations on how the metabolic network in
these organisms are rerouted, in response to the increasing input of light, thus acting
as photoprotective mechanism.

106

ABSTRACTS POSTERS
P40
Modelling carotene desaturation via phytoene desaturase (PDS)
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Carotenes play a major role in the coloration and photosynthesis of plants. In this
project, the transformation of phytoene via the intermediate phytofluene to zeta‐
carotene by the enzyme PDS is investigated. Phytoene is a hydrocarbon containing
40 carbon atoms that are arranged in two symmetrical half sides. PDS can introduce
a double‐bond to either half side of phytoene (desaturation), forming the interme‐
diate phytofluene. The end product zeta‐carotene is formed by the same PDS desat‐
uration on the second half side.
A mathematical model based on ordinary differential equations is used to describe
the desaturation process. Time‐resolved data of phytoene, phytofluene and zeta‐
carotene concentrations is employed to determine model parameters by maximum‐
likelihood estimation. The model assumes cooperativity for the desaturation pro‐
cesses, motivated by the experimental observation of PDS homo‐oligomers.
It turns out that the cooperativity incorporated by the PDS dimers is crucial to de‐
scribe the experimental data accurately. The major goal of the dynamic modelling is
the identification of the rate‐limiting subprocesses in PDS‐mediated carotene desat‐
uration.
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The evolutionary footprint in the genes of Arabidopsis thaliana
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Molecular evolution of organisms is driven by mutations and genetic drift acting at
the level of the genome, but constrained by natural selection acting at the level of
the phenotype. The key objective of this study is to gain an understanding of how
the impact of evolution varies across the genome of Arabidopsis. In this study, we
use Shannon ‐Entropy, based on information theory, as a measure of diversity of
each nucleotide position, across the entire genome, between 80 accessions from the
MPICao2010 dataset. Low entropy values indicate conservation on the specific site
and high entropy values correspond to more variability at the site indicating lower
evolutionary pressure. To enable a more detailed assessment of whether evolution
is either allowing or constraining the diversification of some genes compared to oth‐
ers we perform statistical analyses of the average allelic diversity of genes between
functional sets recorded from the MapMan pathway ontology. A comparison be‐
tween metabolic and non‐metabolic genes revealed a lower Shannon‐Entropy in the
genes performing metabolic functions. In contrast, the functional categories hor‐
mone metabolism, metal handling, secondary metabolism, stress and cell wall posse
a significantly higher Shannon‐Entropy than expected. Furthermore, a genome wide
comparison of single copy genes with their orthologs from Arabidopsis lyrata, re‐
vealed a significant difference in the acquisition of non‐synonymous substitutions
(dN) between the different Arabidopsis thaliana accessions. Using dN to calculate
an evolutionary distance between the several A. thaliana accessions, allows us now
to cluster all strains into groups with a shared evolutionary history. Hence we can
discriminate between more recent mutations (within group differences) and ancient
mutations (between groups differences) that were already acquired in the common
ancestor of all group members. Our findings demonstrate unequally diverse genes
between functional sets along the Arabidopsis genome as a result of an adaptation
process, which is mainly driven by a rapid response to environmental stress (for ex‐
ample pathogen response). Furthermore, we are able to trace the evolutionary foot‐
print in genes over time, which allows us to investigate the gene diversification con‐
sequences to the plant development and physiology more accurately.
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Glucosinolates (GSLs) are sulphur‐ and nitrogen‐rich secondary metabolites, pre‐
dominantly found in plants of the Brassicaceae family. Their breakdown products
facilitate resistance to herbivores and pathogens. Therefore, understanding GSL me‐
tabolism is key to understand plant‐microbe interactions. Depending on the type of
microbial species, specific GSLs can act as feeding deterrents or stimulants. Consid‐
ering the number of interactions in secondary metabolism, in principle, an infinite
number of products could be produced. However, as a consequence of hetero‐
genous natural selection ~200 different GSLs can be found across different plant spe‐
cies. A primary difficulty in the analysis of secondary metabolites is the vast diversity
of chemical structures. Apparently, developing models in which all possible struc‐
tures are represented as a single variable is very challenging. In the present study,
we developed a dynamical model, based on ordinary differential equations, of the
biosynthesis of the most‐abundant class of GSLs, which are derived from methionine
(Met), found in Arabidopsis thaliana. Our model exemplifies how the biosynthetic
fluxes in the system depend on all other metabolite concentrations, a behaviour orig‐
inating from the broad substrate specificity of the involved enzymes. Furthermore,
the observed variation in GSL accumulation across various Arabidopsis ecotypes
could be a result of the allelic composition at different glucosinolate biosynthetic
loci. We employed our model to study the broad‐range specificity of an enzyme, Me‐
thylthioalkylmalate synthase (MAM), which is associated with one of the biosyn‐
thetic loci. MAM catalyses the side‐chain elongation of Met yielding different chain‐
elongated precursors for the biosynthesis. Addressing the diversity induced by the
chain‐elongation mechanism, our model elucidates why and/or how a specific class
of chain‐elongated products with a particular frequency is produced. Moreover, with
adjusted sets of model parameters we can reproduce different Met‐derived GSL pro‐
files observed across various Arabidopsis ecotypes. By relating the allelic differences
to metabolic diversity, which in turn corresponds to different GSL profiles, our model
provides a framework wherein the connection between genotype and phenotype
can be investigated.
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GemTox ‐ Prediction of mixture toxicity using genome scale metabolic models
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Environmental toxicology is concerned with the assessment of risks posed by the
release of chemicals and other compounds into the environment. In this context, an
important unsolved problem is the prediction of the combined effect of chemical
mixtures given information from single‐chemical studies.
We use constraint based metabolic modeling in conjunction with transcriptomic and
proteomic data from single‐chemical studies to predict changes in phenotype of the
model alga C.reinhardtii upon exposure to toxicants.
We quantitatively predict phenotypic change in the form of growth rate and photo‐
synthetic activity for all combinations of single chemicals, for which experimental
data is available, and validate our predictions experimentally.
The main challenge is the integration of transcriptomic and proteomic data into the
metabolic model, as there is no direct correlation between transcript or protein
abundance and metabolic flux. Current methods try to circumvent this problem with
different approximations, but a recent study showed that none of these is sufficiently
accurate. Therefore, we currently investigate ways to improve the methodology.
If this project succeeds, the risk of introducing new compounds into the environment
can be estimated more accurately.
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FoF1‐ATPsynthase proton transport modeling by quantum‐mechanical approach
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A unique molecular motor FoF1‐ATPsynthase is essential for ATP formation in bacte‐
ria, plants and eukaryotes. Proton half‐channels are the way of proton translocation
in the enzyme during its catalytic cycle but their precise location is still under consid‐
eration. The quantification of proton energy transduction occurred can help evalu‐
ating the electrochemical gradient impact on the ATP macroergic bond formation.
Three‐dimensional structure of Fo half‐channels was described including possible
charged residues location on the proton way. On the first step the potential profile
in inlet half‐channel was calculated based on the positions of fixed charges with as‐
sumption of absence of water molecules inside. Then the location of water mole‐
cules was modeled by stochastic filling algorithm in the free space of the half‐channel
taking into account Van der Waals radii of oxygen and hydrogen atoms. Proton
movement between each two charged sites (residues and water molecules) was con‐
sidered as quasi 1D motion, using “quantum well” approach with bound states hav‐
ing specified energy levels and quantum tunneling between isolated states. Potential
barrier and well magnitudes were calculated and located on the proton way across
the membrane. Energy spectrum of bounded states was calculated using Bohr‐Som‐
merfeld quantisation. For proton location in the well quantum tunneling through po‐
tential barrier was also proposed and quantified.
Analysis of fixed aminoacid charges and located water molecules led to a number of
possible proton pathways. Each pathway was described as a sequence of potential
wells of predicted size and depth where potential energy levels were calculated. The
resulting energy accumulated during proton translocation was a feature of selected
pathway, highly dependable of a number of steps.
A described approach can be widely used for energy profile and energy conduction
describing in protein channels/half‐channels and can further lead to the understand‐
ing of mechanisms of energy transforming.
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Starch is a natural product produced by most land plants and algae with remarkable
physico‐chemical properties. Starch is composed of two polymers of glucose: amyl‐
ose, a predominantly linear polymer of α‐1,4 linked glucose units, and amylopectin,
which also contains α‐1,6 linkages (branch points) resulting in a tree‐like structure.
The simple constituents of starch (one type of monomer and two types of linkages)
is contrasted by its complex and highly ordered structure, in which crystalline and
amorphous layers alternate in a defined and regular fashion. Despite decades of in‐
tense research, it is still not understood how precisely starch granule biogenesis ini‐
tiates and progresses. A relatively small number of enzymes are involved, but it is
unclear how their activities are coordinated in order to ultimately control the struc‐
ture and properties of starch. The objective of our project is to gain a profound un‐
derstanding of the regulation and control of the biophysical and biochemical pro‐
cesses involved in the formation of the complex polymeric structure that is the starch
granule. In parallel with the biochemical and biological investigations, we develop a
numerical approach based on a stochastic model. Using Gillespie algorithms, we first
investigate the chain length specificity of elongation enzymes and the reversibility of
the elongation process. Then, we would also simulate a larger scale model where
elongation, branching and debranching are taken into account, and study the crys‐
talline properties of the emerging tree‐like structure based on the arrangement of
tightly packed clusters of amylopectin double helices.
Keywords
Starch, stochastic model, enzymatic biogenesis
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Cytochrome c oxidase is one of the most important membrane‐bounded enzymes
responsible for respiration in aerobic bacteria and mitochondria. As the terminal part
of the electron transfer chain it provides oxygen reduction coupled with generation
of transmembrane proton electrochemical gradient. Thus, investigation of proton
pumping pathways and their functioning under different external conditions is a cen‐
tral issue in bioenergetics. It is considered that D‐channel is involved in transport of
all pump protons and at least two substrate protons. In spite of having highly con‐
served residues near the N‐side and binuclear center, the branched chain of water
molecules inside a hydrophobic part is thought to be a main proton conducting wire.
However the precise order of transitions inside the chain is unclear. Represented
model is based on calculation of the intensities of proton transfer according to Mar‐
cus‐like mechanism. These intensities are used in stochastic simulation modeling of
single transitions between the chain sites. The stochastic analysis using the selected
D‐channel structure revealed the contribution of pKa shift of key amino acid residues
to the proton transfer activity. It is shown that shift of Glu‐286 does not affect the
total kD value and the proton‐pumping stoichiometry depends to a great extent on
changes from “up” conformation to “down”. Unlike the conserved residues the
Tyr‐33 is not robust and may play an important role in the process that triggers di‐
rection of proton transitions. Thus, under normal physiological conditions the water
molecules 2052 and 2083 are not involved in main transduction pathway.
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Introduction
Targeted temperature management has been shown to improve outcomes in coma‐
tose survivors after cardiac arrest, in neotanal hypoxic ischaemic encelopathy, and
has been used as standard therapy in a number of conditions (eg. traumatic brain
injury, increased intracranial pressure, fever associated with infection) [1]. Various
external or internal methods can be used to control body temperature. External
methods are inefficient, can cause skin dammage and obstruct access to patients.
Internal methods are invasive and expensive. Temperature management during pa‐
tient transport is also difficult or impossible with currently available methods. Be‐
cause of limitations of established methods new techniques are required to control
body temperature [2]. Gastric tubes have been used for various treatment options
for decades, and cooling via stomach could potentialy represent a cooling technique
that is more efficient compared to external methods, less invasive compared to in‐
vasive methods, and possible during patient transport.
Methods
We are developing a clinical model of a 70 kg adult with initial core body temperar‐
ture of 36°C requiring the induction of hypothermia. Temperature management
technique is cooling via a gastric balloon filled with 100 ml of iced water at 0°C and
exchanging of iced water every 30 min until core body temperature reaches 33°C.
Body heat production is presumed to be 100 W. We assume also a room temperature
of 25°C. We calculate the effect of iced water‐gastric cooling on the body temperature.
Results and conclusions
Our calculations suggest that iced water‐gastric cooling can rapidly reduce patient
temperature. In‐vivo testing animal models are needed to confirm our theoretical
results. This is important as it may represent an efficient, and minimally invasive
technique of induction of hypothermia, which does not neccessitate additional
equipment apart from gastric balloons and could enable simultaneous cooling and
transport of patients.
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Question
Identifying mechanisms that underpin plasticity and robustness of metabolite con‐
centrations is key to understanding the implications of metabolism in complex cellu‐
lar traits. While some structural determinants of concentration robustness are
known, there exists no quantitative framework which links concentration plasticity
to the structure of metabolic networks without assuming cellular objectives.
Methods
Here, we propose a measure of concentration plasticity which relies only on the
structure of the underlying network, independent of a cellular objective the system
may optimize. The measure is based on the observation that, at steady state, some
reaction rates are coupled, and that removal of a component with less plastic con‐
centration has little effect on couplings of reactions.
Results
We demonstrate that our measure of concentration plasticity is associated with the
variance of metabolite levels in Escherichia coli. Our measure shows that concen‐
trations in the core of metabolism are preferentially buffered in comparison to those
in the periphery. Further, we show that plasticity of metabolite concentrations is a
hallmark of diverse cancers, in contrast to metabolic robustness displayed by healthy
tissues.
Conclusion
The presented structural measure is based on an unbiased approach whose predic‐
tions about plasticity are of comparative explanatory power as those based on a bi‐
ased approach (i.e. shadow prices). This fact is particularly relevant when studying
robustness in organisms and cellular systems which have been shown to simultane‐
ously optimize multiple objectives in trade‐off. For instance, it has recently been
show that even E. coli may optimize multiple cellular objectives in re‐distributing its
fluxes which eventually shape the metabolite concentrations. Therefore, our unbi‐
ased approach paves the way for studying the relationship between plasticity of con‐
centrations of cellular components and various cellular trade‐offs on a molecular and
physiological level.
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A bio‐based economy is strongly dependent on efficient processes utilising robust,
high‐performance production strains. For the generation and improvement of such
strains, one major goal is to metabolically couple product synthesis to microbial
growth. Growth‐coupling enforces production in fermentation processes and simul‐
taneously ensures high and stable production characteristics. In the specific case of
target compound production via synthetic pathways, growth‐coupling is not only ad‐
vantageous but necessary to avoid downregulation of the artificially integrated met‐
abolic routes. With regard to the complexity of metabolic networks, model‐based
systems metabolic engineering approaches aid in predicting reaction or gene dele‐
tions enabling a growth‐coupled target compound production.
In this work, a novel constrained‐based tool, named gcOpT, was developed for the
identification of knockout‐based strain designs that particularly lead to optimal
growth‐coupling characteristics. At the same time, gcOpT accounts for high produc‐
tivities of the target compound to facilitate the establishment of economically feasi‐
ble processes. The principle of gcOpT is to maximise the minimal guaranteed produc‐
tion rate for a fixed medium growth rate, hence leading to an optimisation of
minimal guaranteed yields for the whole range of accessible growth states. The func‐
tionality of gcOpT was validated by optimising ethanol production in an Escherichia
coli model. In contrast to other previously published optimisation tools, gcOpT iden‐
tified reaction deletions that both guarantee a strictly enforced production of etha‐
nol and adequate maximal growth rates, thus high productivities.
gcOpT was applied to identify intervention strategies which growth‐couple the pro‐
duction of the biofuel 2‐butanone in Pseudomonas putida KT2440. The respective
simulations were based on the genome‐scale metabolic model iJP962. Several strat‐
egies with different numbers of reaction deletions as well as expression of de‐novo
reactions were predicted, which enforce production of 2‐butanone on a glucose‐
based minimal medium.
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A fundamental problem in biology is how the cell organizes the investment of its
resources into different types of molecules. Metabolic networks consist of thousands
of enzymes and metabolites, but it is unclear according to which principles their con‐
centrations are set. Here, we show that concentrations are tightly balanced by a de‐
sign principle that enforces the optimal utilisation of the volumes of cellular com‐
partments ‐ the cell’s real estate. The concentration of a given metabolite can be
predicted from the concentration of the most abundant enzyme consuming it, given
that the corresponding reaction is effectively irreversible; this relationship does not
depend on reaction rates or turnover numbers, but only on molecular weights and
the enzyme’s substrate affinity. Data from E. coli and diverse eukaryotes confirms
the accuracy of these predictions: dominant enzyme concentrations together with
Km values are sufficient to predict metabolite concentrations with a Pearson corre‐
lation of R2>0.9 (P=10‐15). We conclude that the limited solvent capacity of cellular
compartments exerts a general and substantial selective force on the evolution of
cellular regulation, which likely manifests itself far beyond the realm of metabolism.
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Cellular metabolism must continuously adapt to a multitude of changing environ‐
mental conditions to ensure best possible growth. Recent studies on cellular growth
rate and metabolism focus on the relationship to proteome resource allocation. Un‐
derstanding the mechanisms behind proteome resource allocation is essential to get
insights into the impact of metabolic processes on changing growth rates. Current
mathematical descriptions of bacterial growth show that those relationships can be
derived from simple kinetic coarse‐grained models.
The need for continuous adaptation is in particular true for phototrophic organisms
that rely on harvesting the sun's energy for cellular growth. Phototrophic metabo‐
lism is presumed to be carefully orchestrated to meet cellular demands for energy
requirement and to provide sufficient storage compounds for periods of darkness.
Here, we develop a coarse‐grained model of phototrophic metabolism to describe
optimal growth over a full diurnal period. The aim of this project is to investigate the
ratio of proteome resources under different environmental conditions and to under‐
stand which mechanisms are responsible for it. The knowledge about adjustment of
proteome resources in order to increase growth rate in phototrophic organisms like
cyanobacteria could help for example to get a higher level of biofuel productivity.
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Mathematical modelling of complex biological dynamics is often a labour intensive
task, which is made difficult by incomplete or inaccurate knowledge about the bio‐
logical network to be modelled. This results often in the paradoxical situation, that
the complexity of a biological system can only be handled by means of a mathemat‐
ical model, but the system is not sufficiently characterised to develop a sufficiently
informative and accurate model.
We have developed a data driven mathematical method called the dynamic elastic
net to support the development of differential equation models in the case of in‐
complete or uncertain knowledge. We assume, that an initial draft model represent‐
ing the current state of knowledge about the system to be modelled has been devel‐
oped. We refer to this draft model as the nominal system.
Often, the experimental time course data of the real system are not in sufficient
agreement with the output predictions of the nominal system. The dynamic elastic
net provides a data driven computational method to (i) identify the network nodes
in the nominal model targeted by such systematic model errors, to (ii) infer the
model error dynamics and to (iii) reconstruct the dynamic system states which can
not directly be measured even in the case of an incomplete or inaccurate nominal
model. To the best of our knowledge, the dynamic elastic net is the first method
incorporating systematic model errors into the state estimate, in contrast to meth‐
ods based on Particle Filters or various extensions of the Kalman‐Filter.
Model errors can not always be uniquely identified from output measurements. We
assume that the bulk of the model error can be represented as hidden inputs to a
few target nodes in the nominal system. This sparsity assumption combined with an
assumption about the smoothness of the hidden inputs is translated to a regularised
dynamic error functional. We use numerical optimal control techniques to minimise
this regularised error functional. We also present a strategy to explore suboptimal
solutions, which can be used to rank different candidate solutions in the case of non‐
unique model errors. This provides a first step towards a systematic ranking strategy
for the most likely model extensions which can then be used for the design of exper‐
iments.
We have successfully tested the dynamic elastic net for several biochemical reaction
systems using real and simulated data for several systems models, including several
network motifs, a model of the JAK‐STAT pathway and larger models for G‐protein
coupled receptors and UVB signalling.
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Question
Tumour cells mainly rely on glycolysis leading to lactate rather than on respiration to
produce ATP. This phenomenon is known as the Warburg effect (named after Ger‐
man biochemist Otto Warburg) and also occurs in several other cell types such as
striated muscle cells, activated lymphocytes, microglia, and endothelial cells. It
seems paradoxical at first sight because the ATP yield of glycolysis is much lower than
that of respiration. An obvious explanation would be that glycolysis allows a higher
ATP production rate, but the question arises why the organism does not re‐allocate
protein to the high‐yield pathway of respiration.
Methods
We model this by a linear programming problem in which not only the rates but also
the maximal velocities are variable and tackle this question by a minimal model only
including three combined reactions. We consider the case where the cell can allocate
protein on several enzymes in a varying distribution.
Results
Here, we present a minimal model for explaining the higher ATP production in the
Warburg effect. The model predicts pure respiration, pure fermentation or respi‐
rofermentation, depending on protein costs and substrate availability. A reallocation
of protein to the high‐yield pathway only pays if the synthesis costs for that pathway
are low enough.
Conclusions
We focused on the explanation of the Warburg effect in terms of ATP production
rate. It is worth noting that this explanation is consistent with the argument in terms
of precursor supply. Whenever the glycolytic rate is high while respiration is limited,
much pyruvate can be used for building biomass.
A useful feature of our model is that it can be treated analytically. It is linear in the
reaction rates, while the underlying rate laws can be nonlinear.
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Computation of fluxes in metabolic networks using constrained optimisation is
widely applied since several years because it only requires the knowledge of the stoi‐
chiometry of the network. This approach relies on plausible but hardly provable op‐
timisation principles: a linear combination of fluxes (often referred as FBA) and some
intuitive assumptions such as the irreversibility of biochemical reactions for instance.
A first drawback of linear combination of fluxes is the non‐uniqueness of the solu‐
tions (a space of solutions required an exhaustive study that can’t be done with large
network). For this reason, we will focus on non less plausible criterion, a quadratic
function minimisation, which leads to a unique solution in [4].
Another drawback of the method is the deficiency of consideration of metabolite
knowledge such as some known metabolite profiles (or at least a linear combination
of metabolites profiles), standard Gibbs free energy of formation of metabolites and
the second law of thermodynamics. In our modelling, in addition to the fluxes, we
introduce new variables, the metabolites concentrations (as in [2]), supposed to be
also at steady state. In order to assure thermodynamic reliability, we add the Gibbs
free energy change of each reaction (as in [1]), denoted by as a function of the me‐
tabolites.
Still assuming some “minimal effort” (as called in [3]), we would like to minimize a
two‐objective problem that is to simultaneously minimize the two uncoupled func‐
tions (that do not conflict) functions f1(v)= sum vi2 and f2(m)=sum (Δr Gj (m))2 on A
where A is the feasible region (containing several conflicting constraints).
We will discuss several problems encountered to implement this optimisation prob‐
lem. Our aim is to provide, if possible, a well‐posed problem in terms of mathematics
(i.e. does a solution exists and is this solution unique?) or, alternatively, to define at
least a set of optimal solutions that can be exhaustively described.
We will apply the method to the small‐scale model of sugar metabolism of tomato
fruit (27 reactions and 13 metabolites). As a determinist model, taking into account
both the enzyme kinetics and the reaction thermodynamics in [5], has already been
carefully parametrized to fit the measured sucrose, hexose and glucose‐6‐P contents
throughout the fruit growth, it will allow comparison of solutions (fluxes and con‐
centrations).
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The geometrical parameters of a blood circulatory system are the important charac‐
teristics affecting its functionality. Optimal spatial distribution of blood vessels pro‐
vides effective organ perfusion with essential metabolites. It is achieved by the
branching of a vessel’s network and adjusted topology of its tree. Recently, a pre‐
cious study of vasculature is available thanks to the improvement of numerical sim‐
ulation methods and the development of medical imaging research. In the present
study we have introduced a three‐dimensional model of the arterial system in the
rat brain taking into account their complex structure and the difference in vessels
size. Our approach exquisitely simulates the key features of the blood circulatory
system, such as vessel density distribution and dependence between structure and
the blood volume. The proposed algorithm is based on a division of the structure of
the blood circulatory system into two parts. They are different in the vessels proper‐
ties. Moreover, they are modelled by a different manner. The topology of the main
brain arteries is sufficiently rigid, and it variates just quantitatively among biological
samples. Therefore they were separated into deterministic structure in the model
representation. Small vessels were simulated by stochastic methodas provided by
the branching laws. Spatial distribution of end points of each segment of arterial
trees with different bifurcation exponent was analysed. Validation of the repre‐
sented model has been made on the base of experimental data. It was shown that
the volume of an arterial vascular tree depends on bifurcation exponent linearly and
the optimal blood flow topology had average density of 6 mm3 with bifurcation ex‐
ponent of 3.0. Thus, the represented method can be considered as an effective tool
for virtual modeling of blood vessels network in rat brain.
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Recently, interest has grown in microalgae cultivation, most notably as a source for
renewable energy or dietary supplements but not limited to those applications. Mi‐
croalgae require light for growth and shift their metabolism from photosynthesis to
respiration at night. This, along with a generally lower growth rate, results in differ‐
ences between algae cultivation and standard microbial cultivation. At a macro‐
scopic scale, microalgae‐based production often solely uses natural sunlight. There‐
fore, lighting conditions and hence growth vary over the course of the day. This leads
to more complex mathematical process descriptions.
This project studied primarily the continuous chemostat process addressing in par‐
ticular light‐dependent microalgae growth. Pontryagin’s maximum principle was ap‐
plied to determine optimal control strategies. The aim was to obtain analytical opti‐
mal control functions with respect to productivity for each stage of the process (e.g.
batch‐up during day and night, steady‐state during day and night). Each stage can
occur several times over the course of the entire process, highly depending on pa‐
rameters such as initial biomass, day length and total process time. Each individual
stage depends on the multivariate output of the previous stage and requires to solve
the differential equations with the then new initial values including starting time.
These effects combined make the search for an analytic solution quite challenging.
Algae growth was modelled here using a modified logistic function. Three case stud‐
ies assuming different conditions during dark cycles were analysed towards the im‐
pact on the optimal control strategy under continuous operation. Case I considers,
as reference, operation without a dark cycle (e.g. with artificial light). Case II features
a pulse wave function for light/dark cycles assuming stagnating growth during dark
cycles. Case III employs the same pulse wave function but assumes an exponential
biomass reduction during dark cycles as a combined effect of respiration and decay.
Each case leads to different sets of differential equations to be solved serially, with
the sets of case III being the most differing since the biomass reduction leads to re‐
peated loss of the steady‐state.
Complete analytical optimal control functions were derived for case I (constant light)
and case II (dark cycles with stagnating growth). For these cases it was shown that
the optimal control of the algae cultivation is almost identical to the optimal control
of the microbial cultivation; the main difference is to switch off the dilution during
dark cycles with no growth.
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For case III (dark cycles with exponential biomass reduction), preliminary results and
an empirical sub‐optimal control could be obtained so far. The control is entirely dif‐
ferent to cases I and II: the nightly biomass reduction results in the loss of any previ‐
ously reached operating point. Thus, the dilution not only needs to be switched off
during dark cycles but also at the beginning of the light cycles until the operating
point is reached again. This results in a change in the operating point itself to ensure
maximum productivity. For case III, further work applying a numerical approach is
required to calculate a state‐dependent rule‐based optimal control for the process.
In order to experimentally validate the theoretical results obtained here, parallel
work is carried to apply the optimal control strategies to cultivations of Nannochlo‐
ropsis salina.
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Commercial microalgae cultivation is one of the fast growing fields in modern bio‐
technology, in particular with respect to biofuels. Recently, there is an increasing in‐
terest in large‐scale production for health food, dietary supplements and pigments
(for example beta‐carotene and astaxanthin). Almost any large‐scale algal produc‐
tion is based upon the use of natural sunlight and therefore strongly influenced by
light/dark cycles. Microalgal cultures alter their metabolism from anabolic photosyn‐
thesis during light cycles to catabolic respiration during dark cycles.
Parallel work on this topic employed Pontryagin’s maximum principle to determine
optimal control strategies with respect to biomass productivity preliminary for con‐
tinuous bioprocesses. The work presented here shows results of the experimental
application of these strategies using a strain of Nannochloropsis salina.
Experiments have been carried out applying either permanent lighting (case I) or
light/dark cycles of a pulse wave function type (cases II and III). Algal growth during
the light cycle was modelled by a modified logistic function. For the dark cycle, two
assumptions were made: A sudden stagnation of algal growth (case II) and a loss of
algal biomass due to respiration and decay (case III). Analytical optimal control func‐
tions have been derived for cases I and II. In contrast to microbial cultivation, the
dilution needs to be deactivated during dark cycles.
In order to describe biomass decline during the dark cycle (case III), a constant and
specific (biomass related) decline rate was assumed. Two methods were compared
to estimate the value of the specific decline rate in the experimental setup. First, the
optical density decline of repeated‐batch cultures during dark cycles was measured
to calculate the decline rate. Second, experimental results of discontinuous opera‐
tion under permanent light (case I) were used to fit a piecewise function to the data
of a case III experiment, with the decline rate as the only free parameter.
Experiments under discontinuous bioprocess operation have shown different results
with respect to a clear assignment to cases II and III. These differences may be ex‐
plained by metabolic changes of the algal culture at early stationary phase. The con‐
tinuously operated bioprocesses however can be subjected to case III. Due to the
nightly biomass decline, the dilution deactivation during dark cycles provides only
non‐optimal results, since the bioprocess leaves the previously reached operating
point. Therefore, the nightly dilution deactivation has to be maintained at the begin‐
ning of the light cycle until the operating point is regained.
Using the estimated decline rate, an optimal control strategy with respect to algae
biomass productivity was obtained and will be tested experimentally in order to val‐
idate the theoretical results.
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Question
A high‐fat diet causes accumulation of fat in adult livers, which is referred to as ste‐
atosis. This accumulation occurs non‐homogeneously within the liver lobules. Partic‐
ularly during early stages of steatosis, fat accumulates first in the pericentral zone
which is the area around the central vein. Which mechanisms dictate this zonation
pattern?
Methods
To answer this question, we applied the multiple working hypotheses approach and
implemented different versions of a mathematical model of hepatic fatty acid (FA)
metabolism. Our aim was to evaluate how gradients of oxygen and FAs influence the
zonation pattern of fat accumulation. In addition, we evaluated from a theoretical
perspective how the uptake process of FAs (linear vs. nonlinear) from the blood into
hepatocytes affects the zonation pattern of steatosis.
Results
We found that a pericentral steatosis was only observed (1) with an oxygen gradient
but fixed FA supply (i.e. no FA gradient) and (2) with both, FA and oxygen gradients,
but saturable FA uptake (following a Michaelis‐Menten function). All other model
versions showed steatosis dominant in the periportal zone.
Conclusions
Thus, our modeling results reinforce the prevailing view in the research community
of oxygen being a major determinant for metabolic zonation. In addition, it indicates
also that the FA uptake process may affect the zonation pattern of fat accumulation
at least in early steatotic stages. The mechanism how hepatocytes take up FAs from
blood is under intense discussion. With our theoretical approach, we support the
transporter‐mediated uptake mechanism of FAs in liver cells: the simulations show
clearly that only saturable FA uptake leads to a pericentral steatosis (consistent with
experimental observations), whereas a linear uptake of FAs leads to a periportal ste‐
atosis. Of note, we also found that the maximal velocity of FA uptake (vmax) deter‐
mines the point of switch between periportal and pericentral fat accumulation.

128

ABSTRACTS POSTERS
P59
Large systems biological models – challenges and solutions
Clemens Kreutz1, Jens Timmer1
1

Freiburg University, Center for Biosystems Analysis, Freiburg, Germany

The complexity of understanding cellular behavior at the molecular level demands
new concepts. One promising perspective of Systems Biology is the establishment of
“integrated models” comprising several cellular processes. The long term goal is the
establishment of whole cell models, realistic simulations of whole organs and whole‐
body pharmacokinetic models with resolution down to individual cell‐types.
Integrating models which were developed in distinct but similar biological contexts
and conditions again raise several methodological issues. In this presentation, we
summarize theoretical challenges and currently existing solutions. This covers deal‐
ing with non‐identifiability of parameters, the origin of sloppiness, finding an appro‐
priate model structure, reducing models to an appropriate level of interest as well
as performing model predictions in the case of over‐parameterisation.
Although, several issues have been solved, some open issues remain. For finding
working solutions for such problems, we additionally present a concept for reliably
assessing the applicability and performance of competing approaches or new algo‐
rithms.
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Modeling liver volume regeneration with linear elasticity
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Question
The human liver is prone to numerous diseases, with the most common being hepa‐
titis, steatosis, cancer, cirrhosis, alcohol and drug‐induced damage. Some of them
can be treated by removing the volume that is affected, and allowing the liver to
regenerate to nearly full size. In certain conditions, liver cancer is treated through
tumour tissue removal, and furthermore, living donor transplants by resection can
provide healthy organ tissue for the donor and receiving patient, thanks to the liver's
regenerative properties.
The work at hand aims at numerically simulating the volumetric regenerative prop‐
erties of the liver. The goal is to better understand this regenerative behaviour, and
to help plan partial hepatectomy procedures in humans.
Methods
Given experimental data of geometry and hepatocyte proliferation indices following
a mouse liver partial hepatectomy, and with the help of image processing tech‐
niques, a model of liver regeneration has been implemented as a steady state solu‐
tion of a linear elastic problem.
First, images of the Bromodeoxyuridine‐stained sliced post‐resection liver were an‐
alysed to quantify the proliferation of cells. This proliferation has then been analysed
and interpreted as forces, to serve as input for a linear elastic problem solver. The
liver's regeneration is finally modeled by being broken down into several intermedi‐
ate applications of the aforementioned solver.
Results
The regrowth of a partially resected mouse liver over a period of two weeks is simu‐
lated. Experimental data of mouse livers at various time points post‐resection is used
as input to properly specify the rate of growth along this period. Preliminary results
show the simulated organ reaching close to the pre‐resection volume.
Conclusions
The interpretation of hepatocyte proliferation data as input for a linear elastic prob‐
lem results in an expected relative growth of the liver, namely restoring it to close to
the pre‐resection volume.
As future work, if special care is given to a correct corresponding elastic interpreta‐
tion of the vascular system, its influence on the regrowth process could be simulated
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by interpreting it as a system of springs. Finally, a rigorous experimental comparison
and validation of the simulation could be achieved if measurements of hepatocyte
proliferation rates were provided in real‐time and in‐vivo. In such a case, this model
could then be further developed to help plan partial hepatectomy interventions in
humans, in order to increase the recovery prospects.
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From genome‐scale model predictions, via diverse “omics” data to detailed
pathway analysis in Refsum’s disease
Agnieszka Wegrzyn1, Katharina Herzog2, Albert Gerding1, Vitor Martins dos Santos3,4
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Introduction and aim
The majority of the fatty acids (FAs) present in the human body are oxidized via the
mitochondrial β‐oxidation pathway. Very‐long chain FAs, phytanic acid and dicarbox‐
ylic acids cannot, however, be oxidized by mitochondria. Their metabolism is de‐
pendent on peroxisomal α‐ and β‐oxidation, and supported by ω‐oxidation in the
endoplasmic reticulum. Peroxisomal fatty‐acid oxidation (FAO), in contrast to mito‐
chondrial FAO, produces H2O2 instead of FADH2 and is only indirectly linked to the
mitochondrial respiratory chain via an NADH redox shuttle. Peroxisomal FAO plays a
crucial role as a detoxifying pathway which is stressed by the existence of several
inborn peroxisomal deficiencies, such as Refsum’s disease. Refsum’s disease is auto‐
somal‐recessive and characterised by neurological damage, cerebellar degeneration,
and peripheral neuropathy. Patients accumulate phytanic acid in cells and plasma
due to a deficiency of phytanoyl‐CoA hydroxylase (PHYH). Recently a FA ω‐oxidation
pathway, has been proposed as a potential route to eliminate the phytanic acid in
Refsum’s patients (Wanders, Komen, and Kemp 2011).
Regretfully, our knowledge about the effect of phytanic acid on the cell metabolism
and its regulation is scarce. In this project, a systems biology approach is applied to
study the systems response to defects in peroxisomal FAO, in particular PHYH defi‐
ciency.
Materials & Methods
Our human genome‐scale metabolic model is based on the newest version of Recon
2 (Thiele et al. 2013). Fatty‐acid oxidation pathways were curated and the enzyme‐
bound cofactor FAD was removed as a free‐floating metabolite. Monte‐Carlo based
sampling algorithms were applied to determine the flux distribution and the robust‐
ness of the network upon a single‐gene deletion. All analyses were performed with
the Gurobi optimizer together with the Cobra Toolbox2.0 in MATLAB R2015a.
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To provide a physiological constraints on model input and output as well as a valida‐
tion for model predictions, experiments on fibroblasts from Refsum patients were
performed. Briefly, control and patients fibroblasts were grown in Ham’s F‐10 me‐
dium with or without phytanic acid. Cells were collected after 72 hours for lip‐
idomics, RNA‐seq and proteomics. Additionally cells and media were collected at 0,
24, 48 and 72 hours for protein determination as well as metabolomics analysis (sug‐
ars, amino acids and acyl‐carnitines profiles).
Finally, a detailed kinetic model of peroxisomal fatty‐acid oxidation pathway was
constructed to study the interplay between the different peroxisomal substrates.
Results
We present the curated and extended fatty‐acid oxidation module, together with
integrated experimental data (transcriptomics, proteomics and intake fluxes) and
show predictions of the effect of Refsum’s disease on the metabolic network. Fur‐
thermore, we show the results from our in vitro studies comparing various omics
readouts with the model predictions. Last but not least we use a kinetic model of
peroxisomal fatty‐acid oxidation pathway to explain observed lipid profiles in patient
cell lines.
Conclusions
We expect that our analysis of metabolic changes upon single enzyme deficiencies
in peroxisomal FAO pathways will contribute to the development of new strategies
for treatment or diagnosis of a broad spectrum of diseases.
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Metabolic reprogramming in tumors by copy number co‐alterations of proximal
enzyme‐coding and cancer‐causing genes
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Somatic copy number alterations frequently occur in the cancer genome affecting
not only oncogenic or tumor suppressive genes, but also passenger and potential co‐
driver genes. An intrinsic feature resulting from such genomic perturbations is the
deregulation of metabolism of tumor cells.
We have shown that pairs of metabolic and cancer genes are unexpectedly often
proximally positioned in the chromosome and share loci with co‐altered copy num‐
bers across multiple cancers (19 cancer types from The Cancer Genome Atlas). We
have developed an analysis pipeline ‐ Identification of Metabolic Cancer Genes
(iMetCG) ‐ to infer the functional impact on metabolic remodeling from such co‐
amplifications and co‐deletions and delineate genes driving cancer metabolism from
those that are neutral. Using our identified metabolic genes we were able to classify
tumors based on their tissue and developmental origins. These metabolic genes
were similar to known cancer genes in terms of their network connectivity, isoform
diversity and evolutionary features. We validated the identified genes (i) using data
of viability assays from several tumor cell‐lines, (ii) show that these identified meta‐
bolic genes are strong indicators for patient survival, and (iii) we observed a consid‐
erable overlap between our identified metabolic genes and known cancer metabolic
genes.
Our analyses revealed a hitherto unknown generic mechanism for large‐scale meta‐
bolic reprogramming in cancer cells based on linear gene proximities between cancer
and metabolic genes leading to the identification of 119 new metabolic cancer genes
likely to be involved in rewiring cancer cell metabolism.
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Why one should prefer to use fractional calculus tools in bioengineering rather
than conventional calculus'?
Özlem Öztürk Mızrak1, Nuri Özalp1
1
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Actually the main motivation for the contents of this work is to introduce fractional
calculus, whose basic features are reflecting memory effects, capturing fractality,
multiscale nature and better data fitting, as a prospective mathematical tool for
some bioengineering problems.
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A mathematical model of gallbladder motility
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Objectives
Analysis of the two‐compartment model of cholesterol homeostasis has shown that
gallbladder playsa non‐negligible role in this process. Impaired gallbladder motility
or other disturbances cause unbalanced cholesterol circulation. Consequently
gallbladder disorders, like gallstone formation, have a strong affect on the health
condition. Proper gallbladder emptying pattern is crucial factor in cholesterol gall‐
stone formation. Impaired gallbladder motility appears in: e.g. obesity, pregnancy,
rapid weight loss, liver cirrhosis or diabetes. However, the major risk factor in gall‐
stone disease is obesity. In developed countries approximately 10 ÷ 15 % of popula‐
tion suffer from a gallstone disease. According to the study more than 25 % of the
obese subjects (BMI 52 ± 2 kg/m2) have gallstone disease in comparison to only 5 %
normal‐weight patients (BMI 27 ± 7 kg/m2). In obese patients gallbladder motility is
frequently disrupted. In the last few years gallbladder impaired motility has been
more often indicated as likely mechanism underlying gallstone formation. In normal‐
weight subjects cholesterol concentration in bile pool may be even nine times higher
than in liver bile. Obesity increases secretion of the cholesterol and as a consequence
its supersaturation in gallbladder. Prolonged residence of the bile in gallbladder, re‐
lated to impaired motility, is nearly always present in patients with cholesterol gall‐
stone disease. Such impaired postprandial gallbladder emptying allows for easier nu‐
cleation of cholesterol crystals, due to the bile stasis, which then aggregate to
gallstones.
Methods
To study the mentioned processes we have constructed a mathematical model of
gallbladder which takes into account: the total amount of bile, the rate of gallbladder
filling and emptying and the ability to concentrate bile. Combination of this model
with our two‐compartment model of cholesterol homeostasis leads to a three‐com‐
partment model which consists of a set of the three differential equations and is
solved by Runge‐Kutta method.
Results
Our model allows us for modelling both physiological and pathological processes
connected with gallbladder contraction induced by meals of different composition
for normal, obese and gallstone patient. Combined with the two‐compartment
model of cholesterol homeostasis enables to study the influence of the gallbladder
motility on cholesterol circulation in human organism.
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Conclusions
The influence of the dietary cholesterol on blood cholesterol level is similar for gall‐
stone and gallstone free patients. However, the gallstone patients are more sensitive
to the bile acid sequestrants, which regulate the amount of removed bile. Lower bile
level decreases total blood cholesterol level, increases the rate of cholesterol and
cholic acid synthesis.
Acknowledgments
This work was partially supported by a research grant from the National Science Centre
(DEC‐2011/03/B/NZ4/02390)
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Estimating clinical outcomes from a mechanistic model of acute leukemias using
decision rules
Dennis Görlich1, Jan Banck1
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In medical research mechanistic models (e.g. ordinary differential equation models)
of disease relevant systems are a valuable tool to understand the biological mecha‐
nisms that are leading to a disease and to identify probable points of vantage to treat
a disease.
While mechanistics models often are emerging from descriptions of the biological
mechanisms of diseases, in clinical research we usually observe diseases on patient‐
level. Obviously, these two levels of detail are linked, i.e. molecular mechanisms lead
to observable outcomes in the patients. Typical outcomes in clinical trials are sur‐
vival, reaching a complete remission from the disease, tumor burden, or the inci‐
dence of adverse events. While some clinical outcome variables, like tumor burden,
can be directly linked to a state variable in a mechanistic model others, like survival,
cannot be modeled easily. Applying decision rules, clinical outcome variables can be
estimated from the solution of a mechanistic model (e.g. obtained from simulations).
This allows us to link mechanistic models and clinical data, such that clinical data can
be used to validate mechanistic models.
We will present the results of a simulation study of a modified ODE model of acute
leukemias (Stiehl et al., 2014, JRS Interface) to predict patient survival curves and
complete remission rates, applying decision rules. The predicted clinical outcomes
will be compared to observed clinical data to validate our results.
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Automatic method to combine three model layers of the cell
Cécile Moulin1, Erwan Bigan2, Jorgelindo Da Veiga2, Laurent Schwartz3
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In order to better understand cell proliferation, we analysed several well‐known in‐
tracellular oscillators such as NAD(H), pH, ATP, NADP(H). To understand and explain
some experimental data that have been obtained from fresh normal and cancer cells,
extracted from human colon after a colectomy, we have contructed a dynamical
model which synergistically combines three model layers: a metabolic model, an
electrochemical model and the geometrical dynamics of the cell. The metabolic
model describes central carbon metabolism (CCM), since it represents the metabolic
fingerprint of the cell that intimately interconnects with all cell functions and intrinsic
regulatory mechanisms. In this work, the CCM was anchored to the electrochemical
dynamics with the cell proton (H+) management, and to the cell surface dynamics by
the cell palmitate concentration. The cell geometry was included to represent the
cell growth and doubling phenomenon and to describe adequately the cell surface
and membrane kinetics with external and internal metabolites dynamics. Two ap‐
proaches were studied to include geometry. Firstly, a geometric pattern was im‐
posed and the associated model parameters were calculated as a time function. The
geometry does not depend on the other models but the variations of the geometric
parameters (the surface and the volume) affect the electrochemical model and the
metabolic model. Secondly, the value of geometric parameters was calculated from
the metabolic fluxes. The first method links the geometry with the cell cycle whereas
the second links the geometry with the metabolism. We will thus present a novel
modelling approach to dynamically simulate cell gowth and doubling phenomenon,
comparing model simulations to experimental data. Besides these results, an auto‐
matic method developed to allow the combination of the three models will also be
presented.
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The geometry of a blood vessels bifurcation can affect the level of trophic damages
under forming of a brain ischemic lesion
Yaroslav Nartsissov1, S.E. Boronovsky1, E.V. Mashkovtseva1
1

Institute of cytochemistry and molecular pharmacology, Moscow, Russian Federation

The main purpose of the present study is a comparative analysis of a single blood
vessel bifurcation geometry on the forming of an ischemic area.
Materials and methods
The study was carried out using computation modeling of non‐steady state glucose
diffusion away from a blood vessel wall in a virtual phantom of a local nerve tissue
area. The results are obtained by the example of the system containing a single ves‐
sel of 60 µm with one bifurcation point. It was created on the base of the optimal
models of the vascular tree. Ischemic conditions were modelled by the exclusion of
the blood vessel brunch. Obtained 3D spatial‐time gradients were represented in
sliced images.
Study Results
It was shown that there is a local area in a nervous tissue placed in close proximity
to brunching point where glucose concentration decreases more essential for sym‐
metric bifurcation geometry than for asymmetric one under condition of blood ves‐
sel branch occlusion. This observation can be extended to the cases of other metab‐
olites diffusion away from a blood vessel wall without loss of generality.
Conclusion
Trophic supply of a local tissue area that can be considered as a potential ischemic
lesion essentially depends on blood system branching geometry.
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Model‐driven data analysis identification of the metabolic reprogramming
associated with prostate epithelial cancer stem cells independent of the
EMT programme
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Progression towards metastasis is initiated by a cellular process known as epithelial‐
mesenchymal transition (EMT) and followed by the participation of a minority of ma‐
lignant cells known as tumour‐initiating cells (TICs). Using a well characterized clonal
prostate neoplastic cell subpopulations displaying stable and distinct EMT (epithe‐
lial‐mesenchymal transition ) or e‐CSCs (metastatic epithelial stem cell) phenotypes,
and combining physiologic and multi‐omic measurements with a novel model‐driven
genome scale metabolic network reconstruction analysis we have characterized dif‐
ferential key features in their metabolic reprogramming with potential clinical impli‐
cations.Moreover, analysis of transcriptomic data yielded a metabolic gene signature
for our e‐CSCs that correlated with tumor progression and metastasis in prostate
cancer and in 11 additional cancer types suggesting potential biomarkers and thera‐
peutic targets to effectively forestall metastasis.
(Part of these results have been published in Stem Cells 2016;34:1163‐1176)
‐ Spanish Government ‐MNIC‐European Comission Feder ‐Una manera de hacer Europa‐SAF2014‐56059‐R
‐ Agència de Gestió d’Ajuts Universitaris i de Recerca (AGAUR) ‐ Generalitat de Catalunya (2014SGR1017)
‐ Marta Cascante acknowledges the support received through the prize “ICREA Academia” for excellence
in research, funded by ICREA foundation ‐ Generalitat de Catalunya
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The amount of organic phosphates (like DPG) existing in blood is determining
factor of mammal’s bulk
Ramin Amirmardfar1
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It is essential that oxygen is transported by the blood to all cells of a mammal at any
moment. This ensures survival of all cells in a mammal’s body. In case a mammal’s
bulk is large, the distance between cells in different tissues and the mammals’ heart
is larger. Therefore, red blood cells in bulky mammal’s bodies should be capable of
conveying oxygen to farther distances. To make it practical, oxygen should be glued
red blood cells tenaciously. In other words, the cohesion of oxygen to red blood cells
should be stronger in bulky than in small mammals strength. In mammal’s bodies,
the controlling factor of amount of cohesion of oxygen to red blood cells, are organic
phosphates (like DPG). The less DPG in red blood cells of a mammal, the more cohe‐
sion of oxygen to red blood cell at the same rate. If oxygen is glued more tenaciously
to red blood cells, oxygen could been carried to farther distance allowing mammals
to have larger bulk at the same rate. The amount of organic phosphates (eg. DOG)
of red blood cells decreased respectively with size from mouse, rat, cat, fox, sheep,
horse, to elephant.
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Wanted: the best models for pathway modeling
Mojdeh Faraji1, Eberhard Voit1
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The initial step of about any investigation in computational systems biology is the
translation of a real‐world biomedical phenomenon into a computational construct
that can be used effectively for analysis, simulation, interrogation, manipulation, and
optimisation. This mapping of an actual system into an adequate computable model
is far from trivial. In fact, it poses a significant challenge as it not only requires a
biological understanding of the structure, function, and regulation of the system, but
also the choice of appropriate mathematical formulations. Alas, nature has not pro‐
vided us with a list of optimal functions or a handbook of best practices, with the
consequence that we simply do not know how to select optimal mathematical or
computational representations for biological systems. At the same time, the choice
of a wrong model, even if it fits a given dataset well, can lead to unacceptable prob‐
lems when the model is extrapolated toward new conditions.
The presentation will begin with the identification and discussion of some of the
challenges faced during the selection and development of models for metabolic
pathway analysis. In the second part, the talk will discuss, within the context of met‐
abolic modeling, to what degree we may obtain a glimpse of the true shapes of na‐
ture’s process representations. This discussion will lead to the proposal of a novel
nonparametric, dynamic modeling strategy for metabolic pathway systems.
References
[1] Goel, G., I‐C. Chou, and E.O. Voit: System estimation from metabolic time series data. Bioinformatics 24,
2505‐2511, 2008.
[2] Voit, E.O.: Characterisability of metabolic pathway systems from time series data. Math. Biosc. 246(2):315‐
25, 2013.
[3] Dolatshahi, S., and E.O. Voit: Identification of metabolic pathway systems. Frontiers in Genetics 7:6. doi:
10.3389/fgene.2016.00006, 2016.
[4] Faraji, M. and E.O. Voit: Nonparametric dynamic pathway modeling. Math. Biosc. (under review).
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sAnalyzer – solution space analyser for metabolic pathway design
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Designing new metabolic pathways according to metabolic engineering approach is
important to select an efficient small set of modifications for reduction of implemen‐
tation costs and risks of unpredicted side effects. In practice, to avoid the analysis of
a huge combinatorial space of possible modification sets, experience and intuition is
applied possibly leaving some interesting counter‐intuitive solutions.
sAnalyser tool for scanning of solution space by computer is made in Matlab envi‐
ronment and uses COBRA toolbox for flux balance analysis of possible solutions. The
sAnalyzer tool uses reactions data to construct new metabolic pathways and predict
its feasibility to transform one metabolite to another one using particular chassis
organism represented by a model. sAnalyzer searches possible connections be‐
tween reactions (full solution space) between all reactions accessible in KEGG data‐
base.
Solutions are ranked by the flux over the pathway of interest, biomass production
ability and integrated parameters derived from involved metabolites and reactions.
As most important parameters in pathway analysis were selected: flux balance anal‐
ysis results of constructed pathway and biomass reaction, biomass growth minimal
level, the number of reactions in the pathway, a set of reactions and metabolites
excluded from pathway construction, thermodynamic data of reactions, the number
of unbalanced reactions in the pathway, a ratio of metabolites in constructed path‐
way and existing metabolites in chassis model. It is important to have the possibility
to exclude any of these criteria during analysis depending on specific analysis task,
or to arrange these parameters according to their importance in analysis process.
sAnalyser can visualise a set of best solutions found.
One of reaction parameters used to predict its flow direction is reaction thermody‐
namic data ‐ Gibbs free energy (ΔrG) value, which shows how much energy is needed
for reaction to flow in particular direction. sAnalyzer tool demonstrates how ther‐
modynamic thresholds of ΔrG value impacts possible solution space of metabolites
transformation pathways on the example of using glycerol as substrate for bacteria
Zymomonas mobilis central metabolism model as chassis organism. The imple‐
mentation of thermodynamic constraints heavily reduces both the solution space
and computational time rejecting solutions that are not feasible because of thermo‐
dynamic limitations.
sAnalyser can be used also for choice of the most appropriate chassis organism to
solve particular task of finding a substrate‐product pair’ transformation pathway.
Different chassis organism models can be tested within the particular task to find the
chassis with smallest number of necessary modifications.
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Carbon labeling experiments – economic design à la carte
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Motivation
Metabolic flux analysis with 13C labeling experiments (13C‐MFA) is considered as
gold standard for in vivo quantification of intracellular metabolic fluxes. A clever
combination of 13C‐labeled substrates and analytical technology is the prerequisite
to obtain well‐resolved, credible flux maps. Traditional experimental design (ED) has
focused on single information metrics characterising the labeling experiment accord‐
ing to flux confidence. Still, 13C‐MFA requires tailored experimental protocols, costly
tracers, specialist analytical equipment and modeling knowhow. This leads to the
question how to design economic, yet information‐rich experiments.
Method
To answer this question, a multi‐objective optimisation methodology is presented.
Various information metrics (A‐, D‐, E‐criteria) and a comprehensive cost functional
accounting for the complete 13C‐MFA procedure are formulated. These are mutually
elusive objectives which are casted into a multi‐objective ED formulation that is
solved with a particle swarm metaheuristic. As a result, Pareto‐optimal designs are
identified that cover the whole range of trade‐offs between cost and information.
Therewith, our multi‐objective ED approach mitigates several shortcomings inherent
to single information criterion designs (which criterion to choose?) or designs con‐
fined to specific setups (is a tracer informative for another analytical setup,
too?). Also, all “hidden” cost factors of 13C‐MFA become assessable such as taking
replicate samples and chromatogram evaluation times. Finally, to support decision
processes, a visualisation solution adopted from genomics unlocked exploration of
trade‐off solutions.
Results & Conclusions
With a large‐scale network of the fungus Penicillium chrysogenum, we compare
the cost‐information ratio of several analytical platforms (1D‐NMR, 2D‐NMR, GC‐MS,
LC‐(MS/)MS) and explore vital tracer combinations. Interestingly, a combination of
costly analytical platforms and cheap tracers enables quite economic designs. On the
other hand, experimental setups are revealed that are similar informative but signif‐
icantly more expensive. Thus, multi‐objective economic ED is a new tool for 13C‐MFA
and systems biology that offers more insights compared to traditional ED and helps
to reduce the amount of labor and invests through modeling.
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Fast minimal network finder
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Constraint‐based analysis has become a widely used method to study metabolic net‐
works. While some of the associated algorithms can be applied to genome‐scale
models with several thousands of reactions, others are limited to small or medium‐
sized models. This motivates reducing large metabolic networks to smaller subnet‐
works that are accessible to computationally expensive analysis techniques, while
preserving relevant biological properties of interest.
In 2015, Erdrichet al. introduced a method called NetworkReducer, which reduces
metabolic network models by keeping the core reactions of central metabolism or
other important physiological properties. The algorithm consists of two parts: prun‐
ing and compression. The result of the pruningstepis a subnetwork of the original
model where the desired properties are preserved.
We introduce a mixed‐integer programming method to compute such a subnetwork.
The resulting network will be aminimal subnetwork (w.r.t. the number of active re‐
actions) that conserves the desired properties. The minimality of the subnetwork is
not guaranteed by the original method. Additionally, our tool can enumerate all min‐
imal subnetworks in case there exist several ones. This allows identifying essential
reactions, which a represent in all subnetworks, and reactions that are mutually ex‐
clusive. Finally, the algorithm presented here is also faster than the original method
introduced by Erdrichet al.
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Human scale metabolic model(s)
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The knowledge of genomes leads to the construction of genome‐scale models (GSM)
involving all the enzymes possibly encoded in the genome. The best example of such
a model is Recon2 involving 7,440 reactions and 5,063 metabolites. Due to their big
sizes, it is difficult to study these models and the only possible approach is Flux Bal‐
ance Analysis looking for flux values able, at steady‐state, to optimize some objective
function. The calculation of all the Elementary Flux Modes (EFMs), i.e. the minimal
pathways inside the metabolic network at steady‐state are out of the possibilities of
our computers. Similarly, the lack of knowledge of the amount of most of the en‐
zymes and their kinetic properties prevent to develop large representative dynam‐
ical systems. Furthermore it is difficult on such big systems to understand their func‐
tioning in special situations (normal or pathological) and even to be sure that the
results obtained are not artefactual or biased.
For all these raisons we decided to develop simpler models still representing the
main architecture of the whole metabolism but with fewer simulated reactions
which are aggregations of the actual reactions. Typically, such a Human Scale Model
involves between 50 to 100 reactions and metabolites to describe the central carbon
metabolism. The advantage of such models is to be more easily tractable and more
understandable. Furthermore they can be approached with a greater panel of meth‐
ods such as analysis of EFMs, FBA and FVA. Their dynamical behavior can be studied
with some reasonable hypotheses on their kinetic laws and Metabolic Control Anal‐
ysis (MCA) is possible leading to the determination of good targets for therapeutic
or biotechnology purposes.
With such a simple metabolic model we have approached the different ways to
model the synthesis of serine from glutamine in cancer cells, the Crabtree effect, the
metabolic changes in mitochondrial diseases. We also specified the objective func‐
tions able to characterize different metabolism associated to different cell types.
The great interest of a simple model of metabolism is that it can be approached by
different methods: description of the minimal pathways (EFMs), FBA and FVA, dy‐
namical behavior and metabolic control analysis. We have shown that FBA and min‐
imisation of the fluxes correspond most of the time to the simplest EFMs. The great
number of EFMs (some thousands until more than one million) despite the small size
of the network must be stressed. This helps to understand that it will be impossible
to calculate all the EFMs of genome‐scale models (GSM). In our case, not only are all
the EFM describable but also they can be dynamically studied according to reasona‐
ble hypotheses on their kinetics
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However, it is obvious that a simple model cannot retain all the complexity of a GSM.
Furthermore in the construction of the simple model some reactions may have been
discarded without consequence in most of the conditions but could play an essential
role in some peculiar conditions. For this reason, it is important to compare the be‐
havior of the human‐scale model (HSM) to the genome scale models as often as pos‐
sible with the only method applicable to both models, i.e. FBA
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The autotroph bacterium Cupriavidus necator can fix CO2 via the Calvin cycle and
oxidize H2 as its energy source. Under nutrient limitation, the bacterium directs ex‐
cess carbon towards polyhydroxybutyrate (PHB), accumulating up to 90% of the
cell's dry weight. The ability of C. necator to utilize these waste industrial gases and
produce large quantities of PHB, make it an attractive host for providing sustainable
routes to platform chemicals, which are traditionally synthesised from fossil fuels.
Through metabolic engineering, pathways for synthesising desirable chemicals, such
as 3‐hydroxypropionic acid (3HP), can be introduced into the non‐native host. Exper‐
imental efforts then aim to identify metabolic interventions that redirect flux to‐
wards this pathway. Structural metabolic modelling, where metabolism is repre‐
sented as a set of mass balanced reactions, is a highly valuable tool in microbial strain
design. Elementary modes analysis (EMA) in particular, which computes all meta‐
bolic capabilities of the network in the form of non‐decomposable steady state path‐
ways, provides an efficient approach for identifying metabolic interventions for op‐
timising the microbe.
In this work, we present a structural metabolic model of C. necator under lithoau‐
totrophic conditions. The model consists of 84 reactions and 68 metabolites, com‐
prised of the Calvin cycle, the electron transport chain, PHB synthesis and 15 non‐
native reactions for 3HP synthesis. Using EMA, we identified 10 optimal routes for
producing 3HP, in terms of the maximum theoretical yield, energy requirements and
minimal metabolic interventions. By comparing the reactions involved in optimal and
non‐optimal routes, we identified 20 possible target knockouts. To reduce the num‐
ber of candidates, we considered all 2‐ and 3‐combinations, and identified pyruvate
dehydrogenase, aspartate decarboxylase and propionyl‐CoA:succinate CoA transfer‐
ase as the most efficient knockout strategy for redirecting flux towards 3HP. Using a
newly constructed genome scale model, we plan to investigate the lethality of these
candidate knockouts, before carrying out experimental validation.
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Compartmentalisation and visualisation of metabolic networks
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Metabolic reconstructions are becoming ever more complex, with recent networks
encompassing several thousand reactions and metabolites. While the genome se‐
quence is readily available even for less studied organisms, other data is often rare.
This is particularly true for protein localisation data, which often needs to be inferred
using homologs, or using compartment prediction tools working on gene sequences.
Mintz‐Oron et al.[1] introduced a MILP network based prediction approach aiming
to use the network structure to infer missing localisation information. Due to the
MILP nature of the approach, it does however not scale well to larger networks. We
improved the method, by converting it to a linear programming problem, using con‐
cepts from our previously published FASTCORE methodology [2], thus allowing its
application to large networks. The approach used provides better results, and is far
less prone to numerical instabilities, often encountered in large MILP problems. An‐
other problem arising from the large network sizes, now common in genome scale
reconstruction is the difficulty to properly visualise large networks, and provide
graphical representation of complex datasets on these networks. The latter was ad‐
dressed in our group with IDARE[3]. With IDARE2 we extended on this concept and
developed a Cytoscape application, that uses automatically generated image nodes,
similar to the ones created for IDARE. The App can visualize excel or text delimited
file formats and is thus unrestricted with respect to the type of data. It also addresses
the problem of network size, by allowing the splitting of networks into user defined
parts, while maintaining links between these parts. The generated links are similar
to the links available in KEGG or MetaCyc. This allows a better navigation in large
networks and makes it easier to investigate complex flux distribution patterns.
References
[1] Mintz‐Oron et al. Network‐based prediction of metabolic enzymes' subcellular localisation
Bioinformatics, 2009, 25, i247‐i1252
[2] Vlassiset al. Fast reconstruction of compact context‐specific metabolic network models. PLoS Comput
Biol, 2014, 10, e1003424
[3] Galhardo et al. Integrated analysis of transcript‐level regulation of metabolism reveals disease‐relevant
nodes of the human metabolic network. Nucleic Acids Res, 2014, 42, 1474‐1496
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Predicting compositions of microbial communities from stoichiometric models
with applications for the biogas process
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Question
Microbial communities play a major role in ecology, medicine and various industrial
processes. In order to investigate relevant interactions and to identify factors that
influence the community we used stoichiometric metabolic models of defined biogas
producing communities. A challenge here is the complexity of these systems which
results in large stoichiometric networks. Furthermore, the selection of suitable ob‐
jective functions to simulate the behavior of the community is much less obvious
compared to stoichiometric models of single organisms.
Methods
We first constructed and validated stoichiometric models of the core metabolism of
Desulfovibrio vulgaris, Methanococcus maripaludis and Methanosarcina
barkeri, representatives of acetogenesis and methanogenesis. Those models were
then assembled to community models. The community was simulated by applying
the previously described concept of balanced growth [1] assuming an equal growth
rate for all organisms. We then used a new hierarchical optimisation approach where
we demand that the community grows with optimal growth rate (primary objective)
and that all organisms use their substrates with maximum biomass yields (secondary
objective) [2].
Results
Simulating two‐species as well as three‐species communities using the representa‐
tive organisms we gained several important insights. First, we obtained predictions
on optimal community compositions for different substrates which agree well with
measured data. Second, we found that the ATP maintenance coefficient influences
significantly the predicted community composition, especially for small specific
growth rates. Third, we observed that maximum specific methane production rates
are reached i) under high specific community growth rates, and ii) if at least one of
the organisms converts its substrate(s) with suboptimal biomass yield (i.e., if it
wastes energy). On the other hand, the maximum methane yield is obtained at low
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community growth rates and, again, when one of the organisms converts its sub‐
strates with suboptimal biomass yield. Finally, simulations of the three‐species com‐
munity clarify exchangeability and essentiality of the methanogens.
For reduction of model complexity and computation times we then created commu‐
nity models based on bounded elementary vectors of the single‐species models [3].
In this approach, we first compute bounded elementary vectors of the single‐species
models and reduce them to their overall stoichiometry. We then choose vectors with
maximum biomass yields which serve as reactions for the reduced community
model. The reduced model is then analysed by computing and analyzing its elemen‐
tary flux modes. With this approach we were able to considerably decrease compu‐
tation times for the three‐species model and to also simulate a seven‐species biogas
producing community grown on glucose. Additional organisms in this model are
Clostridium acetobutylicum, Syntrophomonas wolfei, Escherichia coli and
Acetobacterium woodii. The expected ratio of approximately 50% methane and
50% CO2 in the biogas as well as an anti‐correlation between acetate and methane
yields is reflected by the model. We show how the reduced model can be used to
compute intervention strategies (minimal cut sets) for an increase in methane yields.
Conclusions
In summary, our study presents new methods for stoichiometric modeling of micro‐
bial communities in general and provides valuable insights in interdependencies of
bacterial species involved in the biogas process.
References
[1] Khandelwal et al. (2013) PLoS One 8: e64567.
[2] Koch et al. (2016) Biotechnology for Biofuels 9: 17.
[3] Urbanczik R. (2007) IET Systems Biology.;1(5):274‐9.
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Introduction
Metabolism is an important factor modulating the biological ageing process. With
age, metabolic functions decline and nutrient sensing becomes deregulated. This can
lead to, for example, an impaired metabolic capacity to produce essential metabo‐
lites, excretion of toxic compounds, or less robust adaption to perturbations. A key
readout of ageing is life span. The best known metabolic intervention that prolongs
lifespan is caloric restriction and the role of nutrient signalling therein is heavily in‐
vestigated. The role of the actual metabolic pathways in modulation of lifespan is,
however, less well explored.
To better understand the bidirectional relation between metabolic pathways and
lifespan, we chose a systems biology approach, combining mouse omics experiments
under a comprehensive set of conditions with genome‐scale metabolic modelling.
Materials and Methods
The study design included six different conditions of mouse ageing: mice were given
a high‐ or low‐ fat diet and were additionally divided into ad libitum fed (control),
ad libitum fed running wheel (RW), or calorie restricted (CR) groups. At 6, 12, 18, and
24 months the transcriptome of liver, adipose, heart, and skeletal muscle was ana‐
lysed by RNA‐Seq. Quantitative proteomics was done for 54 mitochondrial proteins
comprising complete pathways of energy metabolism. The transcriptome was ana‐
lysed by traditional bioinformatics techniques. For a functional analysis of metabolic
pathway adaptations, the mRNA abundance was integrated into a curated version of
mouse genome‐scale metabolic model iSS1393 by Heinken et al.
Results
The lifespan differed between the six conditions, with the highest survival rate in the
CR groups and the lowest in the high‐fat groups. CR animals had the highest number
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of differentially expressed genes (DGE) compared to controls. Ageing elicited only a
minor effect on transcript levels, with fold changes rarely exceeding two. In all tissues
and under almost all conditions the genes included in the genome‐scale metabolic
model were substantially and significantly overrepresented in the DGE sets.
The time courses of most genes known to modulate lifespan (GenAge) showed a sta‐
ble expression throughout life. Some of them were, however, affected by high fat
diet or CR. These genes are strong candidates to mediate the effect of high‐fat diet
and CR on lifespan. Time course profiles of metabolic genes clustered into a limited
number of patterns, which differed slightly depending on the interventions. For
genes that changed with age, a smooth decline or increase of mRNA abundance with
age were the two most frequently observed profiles.
Integration of mRNA abundance into the genome‐scale metabolic model was more
challenging than expected. Many of the popular methods, such as iMAT, depend on
large changes in gene expression to generate condition‐specific models, and were
not applicable to the subtle changes in our dataset. We are currently exploring alter‐
native ways to integrate the transcriptomics data in the genome‐scale metabolic
model.
Conclusion
Metabolic interventions have a profound impact on lifespan in mice, and overrepre‐
sentation of metabolic genes in the total DGE set suggests that this is at least in part
mediated by metabolic pathways.
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Acetogens are microbes which produce acetate as a fermentation‐product of anaer‐
obic fermentation. They are diverse in their phylogeny and only have a metabolic
feature in common called the Woods‐Ljungdahl Pathway (WLP). WLP confers the
ability of fixing atmospheric carbon dioxide into central metabolism in a non‐photo‐
synthetic way, using the electron bifurcation of molecular hydrogen or oxidation of
carbon monoxide as a source of reducing potential.
We report the construction of a genome‐scale metabolic model (GSM) of the model
acetogen Acetobacterium Woodii using a recently sequenced and annotated ge‐
nome of strain DSM1030. An initial draft model was created using the Pathway/Ge‐
nome Database from BioCyc, and then manually curated using current literature and
other databases to fill gaps in the metabolic network and produce an analysis ready
model. The model consists of 928 metabolites, 923 reactions and 25 transporters
and can simulate growth on nearly every experimentally reported substrate. Growth
is simulated using a lumped biomass equation devised from literature sources and
reasonable estimates. Most substrates produce acetate as a by‐product of growth
but substrates such as 1,2 propandediol result in nonacetogenic growth with propi‐
onate and propanol as the fermentation‐products.
Using the model, we predict routes through the metabolic network using different
substrates and substrate combinations, and can subsequently calculate ATP yields of
these substrates. We have applied this to A.woodii fermentations using metha‐
nol:formate as substrate, since these were the only fermentations reported in the
literature providing a non‐growth associated maintenance (NGAM) cost (given as
methanol mM(gCell x hour)‐1). Using the calculated methanol:formate ATP yield we
predict a NGAM for A.woodii.
The model is undergoing continual development and is currently being used for the
purposes of metabolically engineering an industrially relevant acetogen A. woodii
strain.
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The construction of kinetic models of metabolic pathways has always been hindered
by the limited availability of kinetic parameters, in addition to incomplete knowledge
of the reaction mechanisms. Strategies have been developed to allow the generation
of kinetic models with limited information. Despite this, not many large‐scale dy‐
namic and integrative models have been generated. The aim of this research is to
streamline the process of generating large‐scale metabolic models, while using
metabolomic, proteomic and gene expression data to inform parameter values. The
use of aforementioned integrative data in model construction would greatly en‐
hance the parameter estimation process, reducing redundancy in parameters and
thereby increasing the model’s predictive capability.
Previously, we developed the GRaPe tool in order to streamline the construction of
metabolic models through automated generation of kinetic equations. However a
number of limitations affected the performance of the tool, which are now being
addressed in this project. First, convenience kinetics has been introduced to replace
the previously used reversible Michaelis‐Menten rate equations. Convenience kinet‐
ics requires fewer parameters, which reduces the burden on parameter estimation
for the models. Additionally, it allows for inclusion of modifiers such as activators
into model building. Secondly, parameter estimation was performed locally on each
reaction, which has now been replaced by global parameter estimation for the sys‐
tem as a whole. Thirdly, the parameter estimation was skewed to favour flux values
at steady state, which resulted in limited applicability of the models generated. The
fitness measurement in the genetic algorithm used for parameter estimation has
been updated to account for metabolite values as well flux and protein values, im‐
proving the model fitting to dynamic series of experimental data.
As a proof of concept, a model of yeast glycolysis is being built using flux values, and
protein amounts obtained in a heat stress experiment. We show that our method is
capable of generating a dynamic model, which accounts for both types of data. This
work will be extended towards providing a general platform for the integration of
multiple omics data sets and expedited construction of large‐scale kinetic models.
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A detailed kinetic model for the glycolytic pathway in mouse myotubes (C2C12 cell
line) was constructed using a bottom up approach. Each of the glycolytic enzymes
was kinetically characterized, and rate equations were parameterized on in vitro ex‐
perimental data sets and combined in an ODE based kinetic model. Subsequently,
the kinetic model was validated by comparing model predictions to experimental
data of 14C‐glucose conversion in cell extracts and in whole cell incubations. Most
glycolytic intermediates (and co‐factors) could be analysed in a single HPLC run using
a combination of radioactive and UV detection methods. Additional validation ex‐
periments will include inhibitor titrations, steady state analyses, and intact cell incu‐
bations.
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Myeloid‐derived suppressor cells (MDSCs) have attracted attention for their primary
role in cancer‐induced immunosuppression. Therapeutic approaches are now under
development to inhibit their maturation and/or activity.
Therefore, with the aim of improving our knowledge on the metabolic events occur‐
ring during MDSCs maturation and the metabolic requirements associated with their
immunosuppressive activity, we modelled MDSCs central carbon metabolism and bi‐
oenergetics dynamics. The model was calibrated using previously published experi‐
mental data on in vitro matured mice bone marrow cells into MDSCs and then used
to probe cells metabolic state and dynamic.
Indeed, MDSCs maturation correlates with a high glycolytic flux that generates up to
95% of total ATP and where most of the glucose‐derived carbon enters the TCA cycle.
Whereas, pentose phosphate pathway and oxidative phosphorylation activities were
kept at minimal levels to ensure NADPH production and anabolic precursors’ synthe‐
sis. Surprisingly, MDSCs immunosuppressive activity, i.e. L‐arginine uptake, metabo‐
lism and endogenous synthesis, consume sparse quantities of energy rich nucleo‐
tides (ATP and NADPH). Therefore, model simulations suggest that MDSCs exhibit a
heterogeous metabolic profile similar to tumour cells. This behavior is probably an
indirect immunosuppressive mechanism where MDSCs reduce the availability of car‐
bon sources in the tumour microenvironment leading to the dysfuntion and death
of immune effector cells.
Finally, model structure and behaviour, as well as its kinetic parameter sensitivities
and values, will also be discussed comparing results for these MDSCs, which are slow‐
growing cells, to previous work on Chinese Hamster Ovary (CHO) cells, which are
fast‐growing cells.
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Question
A fundamental issue in biology is to understand how the genotype and the pheno‐
types articulate with each other. Non‐additive inheritance is commonly observed for
polygenic traits and can results in heterosis ‐ the hybrids display phenotypic values
different from the average parent, a phenomenon that is an emergent property of
living systems. Here, we investigate the genetic and molecular bases of heterosis,
using two yeast species involved in alcoholic fermentation as a model. Farher we
investigate the components of genetic variation for traits that show different levels
of integration, from molecular phenotypes like protein abundance to life‐history
traits.
Methods
We rely on a data set that was collected on a half‐diallel design constructed by cross‐
ing pairwise a series of strains belonging to two yeast species, Saccharomyces
uvarum and S. cerevisiae, which were grown in triplicate in fermenters with a me‐
dium close to oenological conditions, at two temperatures (18°C and 26°C). High‐
throughput shotgun LC‐MS/MS technique was applied to measure the abundance of
around 1400 proteins, while fermentation kinetics were characterized by 35 fermen‐
tation traits including life‐history traits (viability, population size, etc.) and metabolic
traits (fermentation products, wine aromas, etc.) (Da Silva et al. 2015, Blein‐Nicolas
et al. 2015). Taking advantage of the dependence structure between variables and
observations due to the diallel design, we investigated the components of genetic
variation of each of these traits, and we developed non‐linear models for predicting
fermentative traits from proteomic data.
Results
On the basis of Lenarcic et al. (2012), we built up a statistical model in which the
hybrid phenotypic values of the traits were decomposed into average parental ef‐
fects (General Combining Ability, GCA) and interactions between parents (Specific
Combining Ability, SCA), including species effect, cytoplasmic effect, inbreeding ef‐
fect and symmetric strain‐specific effects. The analysis of the sources of variation of
the traits revealed differences between the two species and between strains regard‐
ing heterosis, inbreeding depression and cytoplasmic effects. In particular, we were
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able to distinguish between heterotic traits (high SCA variance) and traits subjected
to genetic load (high variance of inbreeding depression). In a prediction perspective,
we investigated the link between proteomic data and fermentation traits exploiting
different statistical models, including non‐linear models based on Metabolic Control
Theory. The weak correlations that were found suggest that correlation between
traits depend on their integration level.
Conclusion
While inbreeding expression is generally considered as the corollary of hybrid vigour,
we showed clear differences between traits for the importance of those two compo‐
nents of heterosis. Moreover, genetic correlations between traits seemed to depend
on their integration levels. We discuss the opportunity to integrate proteomic data
into a metabolic model to directly compare metabolic fluxes that result from varia‐
tions of protein abundances to fermentation and life‐history traits.
References
Lenarcic et al. (2012). General Bayesian Approach to Analyzing Diallel Crosses of Inbred Strains. Genetics
190(2):413‐U221.
Da Silva et al. (2015). Hybridisation within Saccharomyces genus results in homoeostasis and phenotypic
novelty in winemaking conditions. PLoS ONE, in press. DOI:10.1371.
Blein‐Nicolas et al. (2015). A systems approach to elucidate heterosis of protein abundances in yeast. Mol
Cell Proteomics. 14.8.
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Question
During the last decades omic analyses have been employed to characterize the blood
products for transfusion purposes. Red blood cells (RBCs) are stored in saline adenine
glucose mannitol (SAGM) solution for up to 42 days at 4°C and suffer from storage
lesions. This alteration impacts RBCs in a cascade of events that leads to molecular
and cellular lesions. The study of RBC metabolism is of particular interest since end‐
of‐storage RBCs can induce clinically adverse effects on transfused patients. Omic
approaches coupled to metabolism simulation have the ability to bring comprehen‐
sive analysis of the storage lesions.
Methods
Metabolomic data was recorded on intracellular metabolites from 5 erythrocyte con‐
centreates (independent donors, 3 males O Rh+, 2 females A Rh+). Metabolites were
extracted using a methanol‐based protocol, analysed in triplicates by liquid chroma‐
tography (ZIC‐pHILIC column) coupled to an Exactive Plus Orbitrap mass spectrome‐
ter. Extracted‐ion chromatograms were constructed for relative metabolite quanti‐
fication relative to day 2 of storage. Metabolite flux analyses were based on a limited
number of biologically relevant reactions (75) that belong to the main metabolite
pathways in RBCs. Reaction rates were expressed as Michaelis‐Menton kinetics and
were simulated using MATLAB (The Mathworks).
Results
Seventy‐one metabolites exhibited significant variations (p‐value < 0.05 and max fold
change of 2) over the storage time (42 days). The principal component analysis dis‐
criminates 7 groups and three zones (day 2 to 16, 16 to 23 and 23 to 44) related to
ex vivo aging. Differences were exacerbated at the beginning of the storage since the
highest variations were reported during the first 2 weeks of storage. The restrictive
selection of reactions and pathways enable to simulate the behavior of RBCs during
the storage. Metabolite flux dynamics will be discussed considering the known le‐
sions on proteins and particularly on enzymes, and the evolution of antioxidant
power.
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Conclusions
This simplified dynamic metabolic flux analysis allowed to probe metabolites con‐
centration evolution, both in the plasma and intracellularly, during the storage of
RBCs. This approach based on omics and in silico modeling will improve knowledge
on RBC chemistry and biology. Moreover, it could simulate RBC storage under differ‐
ent conditions, which goes further the hematological gold standards to better pre‐
dict RBC storage efficacy.
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Question
Robustness, the ability of biological networks to uphold their functionality in spite of
perturbations, is a key characteristic of all living systems. Although several theoreti‐
cal approaches have been developed to formalize robustness, it still eludes an exact
quantification. Here, we present a rigorous and quantitative approach for the struc‐
tural robustness of metabolic networks by measuring their ability to tolerate random
reaction (or gene) knockouts.
Methods
In analogy to reliability theory, based on an explicit consideration of all possible
knockout sets, we exactly quantify the probability of failure for a given network func‐
tion (e.g. growth). This measure can be computed if the network’s minimal cut sets
(MSCs) are known.
Results
We show that even in genome‐scale metabolic networks the probability of (network)
failure can be reliably estimated from MSCs with lowest cardinalities. We demon‐
strate the applicability of our theory by analyzing the structural robustness of multi‐
ple Enterobacteriaceae and Blattibacteriaceae and show a dramatically low
structural robustness for the latter. We find that structural robustness develops from
the ability to proliferate in multiple growth environments consistent with experi‐
mentally found knowledge. Finally, we discuss the importance and implications of
our findings for biotechntechnological applications.
Conclusion
The probability of (network) failure provides thus a reliable and easily computable
measure of structural robustness and redundancy in (genome‐scale) metabolic net‐
works.
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The oleaginous yeast, Yarrowia lipolytica, is emerging as an important cell factory
for lipid production. Up to 50% of its dry mass is linked to lipid accumulation, mainly
in the form of triacylglycerol (TAG). In order to understand the metabolic profile of
this sequenced non‐conventional yeast, genome‐scale metabolic models (GSM) and
metabolomic investigations have been performed. In their recent GSM associated
with lipidomics and transcriptomics, Kerkhoven et al. (2016) showed that lipid ac‐
cumulation in Y. lipolytica is not regulated at the transcriptional level but rather a
metabolic shift in carbon fluxes. Indeed, under nitrogen limitation, fluxes throughout
the central carbon metabolism is redirected from building blocks synthesis (amino
acids) to TGA and other lipids accumulation. The authors assimilated this phenom‐
ena to the « overflow metabolism » observed in the conventional yeast, Saccharo‐
myces cerevisiae, where large amount of glucose in culture media is partially oxi‐
dized to ethanol under nitrogen limitation. In this work, we propose the first dynamic
metabolic model of Y. lipolytica aiming at capturing the energetic fluctuations
(AMP+ADP/ATP and NADH/NAD) occuring at the onset of the metabolic shifts from
oxidative metabolism to lipid accumulation. We hypothesized that the carbon shift
to lipid storage, such as reported in nitrogen limitation, is triggered by a mitochon‐
drial « decouplage » between ATP synthesis and NADH oxidation. For that, a reduced
metabolic network of the Y. lipolytica GSM is used in an « in silico platform » to
perform dynamic metabolic flux analysis of the TAG pathway and the energetic sta‐
tus of the cell. Metabolite feed‐back regulations and energetic ratios (NAH/NAD,
AMP+ADP/ATP) are introduced as regulators of enzymes activity. This kinetic model
is expected to predict the energetic ratio favoring the « metabolic overflow » mech‐
anism and optimized TAG synthesis.
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Intrinsic to systems biology (the holistic study of interacting genes and gene products
of an organism) is the notion that biological systems have “emergent properties”.
Many such properties cannot be explained through the genotype‐phenotype rela‐
tionship fundamental to all biological systems. Any organism can be represented
qualitatively as a biochemical reaction network reconstruction (genome‐scale or
core‐organism). Such reconstructions can be converted into a mathematical format
(a stoichiometric matrix) to help us to understand and simulate the physiological
function of the cell's complex networks and interactions.
I will discuss how the paradigm for metabolic systems biology coupled with con‐
straints‐based flux balance analysis can be used to understand the emergent phe‐
nomenon of antibiotic resistance. Renewed interest in metabolic changes has been
spurred on due to a decreasing number of newly released anti‐microbial and anti‐
cancer drugs. Chromobacterium violaceum, a zoonotic pathogen, was evolved under
controlled laboratory conditions to exhibit Chloramphenicol and Streptomycin re‐
sistant phenotypes. The genomes were resequenced to identify mutations and anti‐
biotic resistant genes that could explain the higher growth rates and higher minimum
inhibitory concentration (MIC). Differential analysis of intracellular metabolomes de‐
lineated key differences in metabolic dynamics across sensitive and resistant pheno‐
types. Constraints‐based flux balance model predicted the metabolic reprogram‐
ming in the pathogen as a response to antibiotics streptomycin and chloramphenicol.
Metabolic compensations in the resistant populations that allow them to subvert the
effect of antibiotics were also predicted. Growth phenotyping and pathway analysis
allowed identification of micro‐environment metabolites that potentially resensitize
resistant cells to the antibiotic. Integrated with clinical data, these methods present
novel personalized and individualized therapeutic solutions to alleviate the problem
of drug resistance.
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Integration of RNAseq data in iFA762 model provides insight into the ectoines
metabolism of the halophilic bacteria Chromohalobacter salexigens
Francine Amaral1,2, Montserrat Argandona1, Manuel Salvador1, Joaquín Nieto1
Carmen Vargas1
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C. salexigens is a halophilic bacterium which naturally synthesizes and accumulates
ectoines in response to osmotic and heat stress. These compounds are compatible
solutes which have great biotechnological potential in dermopharmacy, cosmetic,
molecular biology and biomedicine. However, the exploitation of this bacterium in
industrial biotechnology requires a comprehensive understanding of its physiology
and genetics. On the other hand, synthesis of ectoine and hydroxyectoine is closely
linked with central metabolism in C. salexigens (1). We have evidence for the exist‐
ence of a limited catabolism of glucose at low salinity due to a low demand for ec‐
toines synthesis, leading to a higher excretion of by‐products or an overflow metab‐
olism (1). Additionally high anaplerotic activity is needed to replenish the TCA cycle
with the intermediaries withdrawn for ectoines biosynthesis at high salinity. Conse‐
quently, its metabolism has to be adapted to support the ectoines requirements de‐
pending on salinity growth conditions. Because of the complexity of the metabolic
pathways for ectoines synthesis and its connection with central metabolism, in the
present work, we present an integrative optimisation based approach to facilitate
the rational design of improved strains. For that porpoise, C. salexigens high quality
genome‐based metabolic model (iFA762), previously develop by our group, and tran‐
scriptomic data were coupled in order to explore the effect of the salinity in the me‐
tabolism related with the synthesis of ectoines. Experimental data (RNAseq) were
obtained at low and high ectoine production conditions (low and high salinity, re‐
spectively) and recently published MADE algorithm (2) was used to integrate tran‐
scriptomic data of differential expressed pathways within iFA762 model. Additionally
two specific biomass reactions to simulate low and high salinity conditions were for‐
mulated based on previous C. salexigens experimental data and incorporated into
the model. These provide us both condition‐specific models which served as a plat‐
form to test metabolic capabilities of low and high salinity phenotypes. This ap‐
proach will be used to explore the biological implications providing insight into the
mechanisms of osmo‐adaptation and it will facilitate the rational design of new met‐
abolic engineerin strains.
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Systems Biology of the modified branched Entner‐Doudoroff pathway in
Sulfolobus solfataricus
Ana Sofia Figueiredo1,2, T. Kouril3, D. Esser3, P. Haferkamp3, P. Wieloch4
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Sulfolobus solfataricus is a thermoacidophilic Archaeon that thrives in terrestrial
hot springs (solfatares) with optimal growth at 80°C and pH 2‐4. It catabolizes specific
carbon sources, such as D‐glucose, to pyruvate via the modified Entner‐Doudoroff
(ED) pathway. This pathway has two parallel branches, the semi‐phosphorylative and
the non‐phosphorylative. However, the strategy of S.solfataricus to endure in such
an extreme environment in terms of robustness and adaptation is not yet completely
understood. Here, we present the first dynamic mathematical model of the ED path‐
way parameterized with quantitative experimental data. These data consist of en‐
zyme activities of the branched pathway at 70°C and 80°C and of metabolomics data
at the same temperatures for the wild type and for a metabolic engineered knockout
of the semi‐phosphorylative branch. We use the validated model to address two
questions: 1. Is this system more robust to perturbations at its optimal growth tem‐
perature? 2. Is the ED robust to deletion and perturbations? We employed a systems
biology approach to answer these questions and to gain further knowledge on the
emergent properties of this biological system. Specifically, we applied deterministic
and stochastic approaches to study the sensitivity and robustness of the system, re‐
spectively. The mathematical model we present here, shows that: 1. Steady state
metabolite concentrations of the ED pathway are consistently more robust to sto‐
chastic internal perturbations at 80°C than at 70°C; 2. These metabolite concentra‐
tions are highly robust when faced with the knockout of either branch. Connected
with this observation, these two branches show different properties at the level of
metabolite production and flux control. These new results reveal how enzyme kinet‐
ics and metabolomics synergizes with mathematical modelling to unveil new sys‐
temic properties of the ED pathway in S.solfataricus in terms of its adaptation and
robustness.
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Workflows for fluxomics in the framework of PhenoMeNal project
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Hypotheses regarding intracellular fluxes can be evaluated by comparing measured
and predicted label (e.g. 13C) isotopologue (mass isotopomer) distributions. Assum‐
ing a metabolic network of biological reactions, the computational estimation of
metabolic fluxes is based on measured labeling patterns in intracellular metabolites
resulting from metabolising labeled substrates, frequently together with measured
cellular consumption and production rates.
In the framework of the PhenoMeNal project and e‐infrastructures (www.phenom‐
enal‐h2020.eu/home/), two workflows were prepared using previously developed
programmes for analysis of intracellular fluxes from isotopologue distributions. With
this aim, programmes are adapted to the workflows, docker container dockerfiles
for each programme are uploaded to GitHub repositories, added to Jenkins for build‐
ing the docker images and galaxy wrappers are written for these tools. Isotopologue
distributions will be available on data repositories in MetaboLights
(www.ebi.ac.uk/metabolights). The resulting preliminary workflows include two of
the following programmes: 1) Midcor, an R‐tool for primary 13C data correction for
natural isotope enrichment; 2) Iso2flux, a Python‐tool for steady state analysis of
fluxes based on measured distributions of isotopologues; 3) Isodyn, a C‐tool for dy‐
namical analysis of fluxes based on time‐series measured distributions of isotopo‐
logues.
‐ European Comission (H2020‐EU.1.4.1.3.‐ development, deployment and operation of ICT‐based
e‐infraestructures, grant 654241).‐ PhenoMeNal: A comprehensive and standardised e‐infrastructure for
analysing medical metabolic phenotype data.
‐ Spanish Government ‐MNIC‐European Comission Feder ‐Una manera de hacer Europa‐SAF2014‐56059‐R
‐ Agència de Gestió d’Ajuts Universitaris i de Recerca (AGAUR) ‐ Generalitat de Catalunya (2014SGR1017)
Marta Cascante acknowledges the support received through the prize “ICREA Academia” for excellence in
research, funded by ICREA foundation ‐ Generalitat de Catalunya
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On the history of the Henri‐Michaelis‐Menten equation
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About 100 years ago, Leonor Michaelis and Maud Menten published (in German)
their famous paper “Die Kinetik der Invertinwirkung” [MM1913], in which they pro‐
posed an equation which is nowadays known as Michaelis‐Menten kinetics. While
this equation is taught to practically all students in biology, biochemistry and medi‐
cine, it is not so well‐known where Michaelis had worked at that time. Here, an out‐
line of the careers both of Michaelis and Menten are given. Moreover, it is shown
that practically the same equation had been derived earlier by French (Russian in
origin) psychologist and physico‐chemist Victor Henri in 1902 [VH02, CBMN]. He had
even been aware of the nowadays often neglected influence of the reaction product
on enzyme saturation. We discuss in what respect Michaelis and Menten extended
and generalized the approach. The international synergism in the scientific commu‐
nity in the era around 1900 is outlined, which led to the development of the field of
enzyme kinetics [DSMC14].
References
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The alliance between intracellular Ca2+ dynamics and function in human neutrophils
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Question
Polymorphonuclear neutrophils (PMN) are the most abundant cell type of human
innate immune response. During pathogen defense they have to undergo different
phenotypic changes, such as adherence to tissues or movement towards the invad‐
ing pathogen. The naïve human PMN population has been shown to be heterogene‐
ous w.r.t. phenotypic characteristics, e.g. due to maturity or pre‐activation. Moreo‐
ver, in a variety of diseases PMN transform into pathogenic phenotypes with
impaired functional activity. Comparatively little is known about the mechanisms un‐
derlying these transitions. Altered PMN behavior, in consequence, lead to an in‐
creased susceptibility to recurrent infections and disease progression. Methods: In
this context, we recently reported on PMN functional state‐specific intracellular
[Ca2+]i and morphology dynamics using multi‐variate live cell imaging [1]. Observed
Ca2+ traces are e.g. basal steady state levels in non‐adherent cells, repetitive Ca2+
transients each accompanied by cell contraction preceding considerable locomotion
in crawling cells, and sustained Ca2+ oscillations in strongly adherent spread cells. To
enable detailed investigation of the mechanisms behind these Ca2+ signals we de‐
veloped a new and detailed computational model of adhesion‐induced Ca2+ signal‐
ing in human PMN. We hypothesize that the adhesion strength determines the cel‐
lular Ca2+ response. The number of potential contact sites to cell adhesion receptors
is used to simulate different levels of adhesion strength. We based this on the as‐
sumption that this number is proportional to the cell area exposed to the surface,
i.e. largest for spread, intermediate for crawling and smallest for round cells. To ac‐
count for the potential stochastic nature of the repetitive Ca2+ transients observed
in neutrophils we carry out stochastic simulations. Moreover, we employ a novel pa‐
rameter estimation routine for stochastic systems that has not been used for large
and realistic systems before [2].
Results
The simulated Ca2+ traces reproduce the experimentally demonstrated function‐
specific Ca2+ dynamics very well allowing predictive computational experiments. For
example, the model predicts that mitochondrial and cytosolic Ca2+ concentrations
oscillate in phase and that extracellular Ca2+ is required for sustained Ca2+ oscilla‐
tions. The model is validated with new experimental data performed in our lab con‐
firming these predictions.
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Conclusion
This integrative approach of multi‐variate live cell imaging together with dynamic mod‐
eling is able to explain distinct Ca2+ dynamics dependent on different adhesion strength.
References
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The zonated liver – studying optimality in rodent liver ammonia detoxification
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The liver of rodents as of all mammals consists of a large number of small functionally
identical subunits, the lobules. These consist mainly of hepatocytes, whose metabo‐
lism is known to be zonated along the sinusoids which drain the blood. Zonation de‐
scribes the phenomenon that certain metabolic reactions take place at specific loca‐
tions, e.g. predominantly in the periportal or the pericentral lobular zone. Zonation
has been described for the hepatic ammonia detoxification, carbohydrate, amino
acid, lipid and xenobiotic metabolism.
In this contribution, a systems biological approach consisting of a combined theoret‐
ical (modelling and optimisation) and experimental study is applied to predict and
validate essential reactions of the zonated ammonia detoxification in rodent liver.
The basic model [1] has a two‐compartment structure describing the periportal zone
(with glutamine degradation and ureagenesis) and the pericentral zone (with gluta‐
mine synthesis). An extended, multi‐compartment version of this model [2] is used
to predict in‐depth zonation by numerical optimisation. The optimisation is based on
physiologically meaningful criteria and constraints of liver organ function.
The model‐based optimisation method predicts, in healthy liver, a distinct zonation
ranging from the periportal side with a zonal expression of only glutaminase, via par‐
allel expression of glutaminase and carbamoyl phosphate synthetase, a glutaminase‐
independent ureagenesis zone, to the pericentral side with only a very narrow glu‐
tamine synthetase zone. In addition, different metabolic conditions, representing
e.g. starvation or regeneration after pericentral damage caused by intoxication, are
investigated. These studies result in the prediction of a phenomenon that may be
called 'adaptive 'or 'dynamic' zonation. The theoretical predictions are validated ex‐
perimentally by immunohistochemistry and found to be supported by the literature.
In summary, the predictions calculated and validated by this integrated in silico/in
vivo approach help to refine our understanding of the optimal zonal expression of
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key enzymes of ammonia detoxification in rodent liver. This kind of systems biologi‐
cal approach is therefore very promising to gain deeper insight into optimality prin‐
ciples that underlie liver zonation also with respect to other metabolic processes.
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isiKnock – a tool for in silico knockouts based on Petri net models
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Quantitative information, like kinetic rates, are rarely available for the most signaling
pathways. Yet, qualitative information is widely accessible. For example a certain
protein, A, phosphorylates and activates another protein, B. Based on these qualita‐
tive experimental data, mathematical models, like Petri nets [2], can be developed.
In silico knockout experiments provide a valuable method to validate the models and
to predict behavior of the signaling pathway after perturbations.
The software isiKnock analyses a given Petri net and performs in silico knockouts on
it. It imports common Petri net formats, like pnt, or SBML and visualizes the results
in a matrix. Single and multiple knockouts are supported. Also Mauritius maps [1]
are supported. They show the knockout behavior based on the hierarchical structure
and interrelations of t‐invariants or elementary modes, respectively. In this way, de‐
pendencies of proteins or pathways can be unveiled und examined. All results can
be graphically modified in several ways and exported as png or svg.
References
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