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Welcome to SysBio2018 in Innsbruck! 

 

The Organizers of SysBio2018 warmly welcome you to the 7th Advanced Lecture Course 
on Systems Biology. 

Systems Biology as an approach has become an integral part of modern life science 
research. Studying biological entities in the context of the whole cell or at least of a 
defined subsystem can be seen as state-of-the-art by now. Also, the fact that 
computational modeling is often an indispensable aid when integrating bits and pieces of 
knowledge to gain e.g. a deeper insight into the mechanisms of interplay of the individual 
players is by now a widely accepted fact. This manifests itself also by the ongoing efforts 
to integrate systems biology methods into already existing bachelor and master programs 
at many universities around the world.  

However, most universities do not host more than a couple of groups representing the 
methods and tools that systems biology needs. Therefore, learning from and discussing 
with an assembly of experts in the field as is offered by the 7th Advanced Lecture Course 
on Systems Biology is a great opportunity to bring yourself up to the state-of-art in this 
exciting research area.  

There is still a lack of sufficiently trained scientists which are able to bring biological 
knowledge together with computational skills in order to really make optimal use of the 
combination of the two. The 7th Advanced Lecture Course on System Biology will 
contribute to fill this gap a bit more. It will also provide a good and productive atmosphere 
for networking with other participants and teachers which will hopefully foster future 
common activities. 

 

We welcome you and hope you will enjoy! 

 

 

 

 

 

 

Edda Klipp      Uwe Sauer      Ursula Kummer      Karl Kuchler      Bas Teusink 

Main SysBio2018 Organizers 
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Principles behind the Scientific Program 

 

The course has been organized around the 5 symposia of Understanding Microbes’, 
Medical & pharmaceutical SB, Systems Biochemistry, Synthetic Biology and 
Systems Biology & Cell Motility. Delivered by world experts in each area, the 
dedicated morning sessions of the symposia consist of 3 plenary educational lectures on 
key methodologies, 3 parallel interactive tutorials, and again plenary lectures on exciting 
scientific results obtained by these methods.  

Intense interactions between participants and teachers have always been a hallmark of 
the course. In addition to many interactive lecture formats, teachers will be seated at 
individual dinner tables to be joined by students (likewise students from the same lab 
are kindly requested not to sit together). There are ample social interaction opportunities 
and intense poster sessions. Please use these unique opportunities intensively! 

 

Poster Sessions 

 

All posters should be on display during the entire SysBio2018 course to provide ample 
time for informal discussions among participants and lecturers. Posters corresponding to 
each symposium have been grouped together. During the first hour of each poster 
session on Thursday, Friday and Sunday, 7-8 posters of certain symposia (as indicated 
in the program) will be visited by a group of mentors that include teachers of that 
particular symposium. Feedback sessions for each of these poster groups will take 
place at 22:15 in the indicated rooms to discuss both science and presentation in a 
small group.  

Mentoring teams for feedback sessions at 22.30 

Understanding Microbes: 
Bas Teusink (Chair), John Tyson, Nassos Typas, Karoline Faust + Ursula Kummer, 
Frank Bruggemann 

Medical & pharmaceutical SB: 
Edda Klipp (Chair), Rune Linding, Steve Altschuler, Natal van Riel + Michael Savageau 

Systems Biochemistry: 
Pedro Mendes (Chair), Ursula Klingmüller, Edda Klipp, Mary Teruel + Wolfram 
Liebermeister, Elad Noor 

Synthetic Biology: 
Uwe Sauer (Chair), Victor Sourjik, Barbara Di Ventura, Wilson Wong + Sven Sahle, 
Akira Funahashi 

SB & Cell Motility: 
Karl Kuchler (Chair), Jörg Stelling, Francois Nedelec, Tobias Meyer + Franziska 
Matthäus, Michael Blinov 

Chairs, please ensure that at least 3 mentors are available for each poster 
session!  
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Social Activities 

 

Afternoons are free for individual activities that include alpine skiing, hiking in the 
mountains, wellness and exploring Innsbruck. Lunch packages will be provided to the 
skiers to ensure sufficient time on the slopes, all others will enjoy a seated lunch (if you 
decide for a lunch package you need to pick up a lunch voucher in the lobby area the 
day before). Depending on the selection you made in the travel form, you can join our 
trip to the Bergisel Ski Jump on Saturday March 3rd during the afternoon break. 
The Bergisel Ski Jump is characterized by a breathtaking view of Innsbruck, the charm 
of a ski jumping venue with an Olympic past and modern architecture. The tower, 
designed by star architect Zaha Hadid, the "Bergisel Sky" panorama restaurant and the 
panorama terrace are easily accessible. We will have a guided tour with a ski jumper, 
who will be happy to answer questions. You can experience Innsbruck and the Tyrolean 
mountains in a unique way at the panorama deck. Afterwards we will have coffee and 
cake in the panorama restaurant. 

Lift tickets can be purchased on a daily basis at the hotel reception desk at a 
discounted price of € 22 (includes €2 refundable deposit). On Wednesday, February 
28, there is a free shuttle service to the ski rental shop (10% discount on rentals upon 
showing your SysBio2018 badge). From Thursday to Monday a daily ski shuttle to the 
“Axamer Lizum will leave in front of the hotel shortly after the last lectures in the 
morning”. The return shuttle leaves at 4:00 pm from the ski resorts. Moreover, you can 
sign up for skiing lessons. 
 

Other activities: 

Crystal World Wattens - Daily shuttle bus from Innsbruck “Kongress” at 12:44. The 
cost is € 26,50 (including bus and entrance fee). Tickets can be purchased at the hotel 
front desk. 

Guided Tours Innsbruck - Guided walking tours take place daily (€ 12). You may get 
further information at the hotel front desk.  

 

Emergencies & Medicare 

 

Please call the the front desk for assistance in case of an emergency. Physicians on 
duty are Dr. Cziep, Wilhelm Greil Strasse 21, A-6020 Innsbruck, Tel. +43 512 57 23 24 
or the University Hospital Innsbruck, Anichstrasse 35, A-6020 Innsbruck, Tel. +43 505 
04 0. 

 

IMPORTANT – The SysBio2018 Organizers cannot accept responsibility or liability 
for personal accidents, injuries, loss or damage to private property of SysBio2018 
participants. Skiing and any leisure activities will be entirely at your own risk. 
Participants are thus strongly advised to make their own arrangements 
concerning personal insurance and health coverage if necessary or applicable. 
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SysBio2018 Young Investigator Award 

 

All abstracts with graduate students or postdoctoral fellows as first authors are subject 
to scientific evaluation by a selected committee. The best abstract in each topic shall 
receive the "SysBio Young Investigator Award 2018" 

 

Scientific Program of SysBio2018 

 

Please note that all posters as well as oral presentations must be considered 
“privileged personal communications”. No data may be cited or used in any kind of 
verbal or written scientific correspondence with third parties without explicit permission 
of the presenting author. 

 

Invited Speakers / Chairs / Teachers 

Altenburg Tom  Klipp Edda  Niopek Dominik 

Altschuler Steve  Kuchler Karl   Noor Elad 

Blinov Michael   Kummer Ursula   Sahle Sven 

Boone Charlie   Liebermeister Wolfram   Sauer Uwe  

Bruggeman Frank   Linding Rune  Stelling Jörg 

Di Ventura Barbara  Marin-Sanguino Alberto  Teruel Mary 

Faust Karoline   Matthäus Franziska  Teusink Bas  

Fritz Georg  Mendes Pedro  Tyson John 

Funahashi Akira  Millar Andrew  Typas Nassos  

Lemberger Thomas  Meyer Tobias  Van Riel Natal  

Klingmüller Ursula   Nedelec Francois     
 
 
 

Keynote Plenary Lectures 

 

The following keynote lectures shall enrich SysBio2018:  

Opening Keynote Lecture: Charlie Boone (CA) 

Closing Keynote Lecture: Andrew Millar (UK)  
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Blackboard Teaching and Computer Practical 

Please note that you will be able to visit one Blackboard Teaching Session (BB) or 
Computer Practical (CP) per day, which will take place on Thursday, Friday and 
Sunday afternoon from 16:45 to 18:45. For more information on which topic will be 
offered on which day see the Program Overview on the next pages. 

Blackboark Teaching Session  

In blackboard teaching sessions teachers carefully selected for this mode will explain in 
the simplest possible terms and in highly interactive mode, principles and methodologies. 

Blackboard Teaching (16:45-18:45) 

BB-01 Frank Bruggeman 
Stochasticity of biochemical circuits and single-cell 
growth 

BB-02 Bas Teusink 
Constraint-based modeling: from Flux Balance 
Analysis to resource allocation modeling 

BB-03 
Wolfgang 
Liebermeister 

The protein cost of metabolic fluxes in bacteria 

BB-04 
Franziska 
Matthäus 

Modeling spatio-temporal processes 

BB-05 Elad Noor Metabolic pathway design and analysis 

BB-06 
Alberto Marin-
Sanguino 

A novel strategy to accelerate the modeling and 
analysis of complex biological systems 

Computer Practicals 

Computer practicals will demonstrate modern modeling and data analysis tools hand on. 
Students are advised to bring their own laptops to the practicals as the number of 
laptops provided by the organizers will be very limited. The software used for the 
practicals will be made available at the course site. 

Computer Practicals (16:45-18:45) 

CP-01 
P. Mendes /S. Sahle 
 

Advanced topics in parameter estimation with 
COPASI 

CP-02 Akira Funahashi CellDesigner 

CP-03 Michael Blinov  
VCell: compartmental and spatial modeling and 
simulation using reactions and reaction rules 

CP-04 Tom Altenburg 
Build better models by turning redundancy into 
actual modularity with Tellurium - a Python 
modeling environment. 
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Floor Plan 

 
 
Ground floor of the course hotel in Innsbruck 
 
 

 
 
 
  

Room  552 is located in the fifth floor of 
the MCI building 
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 February 28 
Wednesday 

March 1 
Thursday 

March 2 
Friday 

March 3 
Saturday 

March 4 
Sunday 

March 5 
Monday 

March 6 
Tuesday 

Breakfast 07:00 - 08:30  07:00 - 08:30  07:00 - 08:30  07:00 - 08:30  07:00 - 08:30  07:00 - 08:30  07:00 - 08:30  

  

 
  

10:00 – 12:00 
 

COURSE 
REGISTRATION 

 

08:30 - 12:30  
 

Symposium 1 
Understanding 

Microbes 
Chair: Bas Teusink 

08:30 - 12:30 
 

Symposium 2 
Medical & 

pharmaceutical SB 
Chair: Edda Klipp 

08:30 - 12:30 
 

Symposium 3 
Systems Biochemistry 

Chair: Pedro Mendes 

08:30 - 12:30 
 

Symposium 4 
Synthetic Biology 

Chair: Uwe Sauer 

 

08:30 - 12:30 
 

Symposium 5                   
SB & Cell Motility 
Chair: Karl Kuchler 

 
End of 

SysBio2018 
 
 

Check-Out 

 John Tyson  

Nassos Typas  

Karoline Faust 

Rune Linding 

Steve Altschuler 

Natal van Riel 

Ursula Klingmüller  

Edda Klipp  

Mary Teruel 

Dominik Niopek  

Georg Fritz 

Barbara Di Ventura  

Jörg Stelling 

Francois Nedelec 

Tobias Meyer 

 

Lunch & 
Break  12:30 - 16:45 12:30 – 16:45 12:30 – 18:50 12:30 - 16:45 12:30 - 16:30  

  
14:00 – 18:00 

COURSE 
REGISTRATION 

 

 

Poster Mounting 

Blackboard Teaching & 
Computer Practicals 

 

16:45- 18:45 

CP01 – P. Mendes/S. Sahle 

CP02 – A. Funahashi 

BB01- F. Bruggemann 

BB03 – W. Liebermeister 

BB04 – F. Matthäus 

BB06 – A. Marin-Sanguino 

Blackboard Teaching & 
Computer Practicals 

 

16:45- 18:45 

CP02 – A. Funahashi 

CP03- M. Blinov 

CP04 – T. Altenburg 

BB01 – F. Bruggemann 

BB02 – B. Teusink 

BB05- E. Noor 

Social Event  
 

13:30 Departure 

 

BERGISEL STADIUM 

 

Blackboard Teaching & 
Computer Practicals 

 

16:45- 18:45 

CP01- P. Mendes/S. Sahle 

CP03- M. Blinov 

CP04 – T. Altenburg 

BB02 – B. Teusink 

BB04 – F. Matthäus 

BB06 – U. Kummer 

16:30-17:30 

WORKSHOP 
How to write a good 

abstract 
Thomas Lemberger 

 

17:30-17:45 

SysBio2018 Award 
 

17:45-19:00 

Closing Lecture 

Andrew Millar 

 

 

Dinner 
18:30 - 20:25 

Welcome Dinner 
18:50 - 19:50 18:50 - 19:50 18:50 - 19:50 18:50 - 19:50 19:00 – 20:00  

 
 
 
 

20:30 - 21:50 

OPENING 
CEREMONY 

 

Welcome note 
Ursula Kummer 

 

Opening 
Lecture 

Charlie Boone 
 

20:00-20:30 

Short Talks 

Chair: Charlie Boone 

Maren Diether 

Daan H. de Groot 
 

20:45-22:15 
Poster Session 1 

PS01 

20:00-20:30 

Short Talks 

Chair: Natal van Riel 
Shmuel Gleizer 

Charlotte Ramon 
 

20:45-22:15 
Poster Session 2 

PS02 

 20:00-20:30 

Short Talks 

Chair: John Tyson 
Adam Gosztolai 

Daniela Esser 
 

20:45-22:15 
Poster Session 3 

PS03 

20:00 - open end 

Farewell Party 
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poster #
Understanding 

Microbes
poster #

Medical & 
pharmaceutical SB

poster #
Systems 

Biochemistry
poster # Synthetic Biology poster # SB & Cell Motility

Thursday Thursday Thursday Thursday Thursday
1 PS1-01 Ali PS1-09 Al-Saidi PS1-17 Proffitt

2 PS1-02 Arzamasov PS1-10 Anand PS1-18 Anyaegbunam

3 PS1-03 Bar-On PS1-11 Dost PS1-19 Aprupe

4 PS1-04 Begum PS1-12 El-Athman PS1-20 Bolaji

5 PS1-05 Diether PS1-13 Esser PS1-21 Chen

6 PS1-06 Douwenga PS1-14 Estupiñán PS1-22 Karrenbelt

7 PS1-07 Guilherme Luzia PS1-15 Kemmer PS1-23 Kristjansdottir

8 PS1-08 Loghmani PS1-16 Kondratova PS1-24 Lao-Martil

Friday Friday Friday Friday Friday
1 PS2-01 Schöpping PS2-08 Krznar PS2-16 Gleizer PS2-24 Gosztolai

2 PS2-02 Warmer PS2-09 Lipnitskaya PS2-17 Gul PS2-25 Križnik

3 PS2-03 van Tatenhove-Pel PS2-10 Meier PS2-18 Ingelman PS2-26 Maintz

4 PS2-04 van Pelt-KleinJan PS2-11 Rainer PS2-19 Krebs PS2-27 Bludau

5 PS2-05 Westmeier PS2-12 Ramon PS2-20 Oliveira PS2-28 Egert

6 PS2-06 Neiburga PS2-13 Sousa PS2-21 Antwi

7 PS2-07 Perez Escriva PS2-14 Teusel PS2-22 Beber

8 PS2-15 Zaķe PS2-23 Bonk

Sunday Sunday Sunday Sunday Sunday
1 PS3-1 Li PS3-9 Prywes PS3-16 Seeger

2 PS3-2 Makarenko PS3-10 Santos PS3-17 van Boxtel

3 PS3-3 Martinell Garcia PS3-11 Schmidt PS3-18 Zagorščak

4 PS3-4 Ripka PS3-12 Tasiudi PS3-19 Zhang

5 PS3-5 Sertbas PS3-13 van Heerden PS3-20 Diemer

6 PS3-6 van Ek PS3-14 Botman

7 PS3-7 Verhagen PS3-15 de Groot

8 PS3-8 Zauser

Feedback Session

Room 053
22:15-22:45

(presenters and mentors)

Lecture Hall Room EXL 3 Room 051 Room 052

T
H
U
R
S
D
A
Y

F
R
I
D
A
Y

S
U
N
D
A
Y
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ADVANCED LECTURE COURSE 

Scientific Program 

 
 

Wednesday, Feb. 28, 2018 

Opening Session  

 

    10:00 – 12:00 

   and  
   14:00 – 18:00 

Course registration, poster mounting Lobby 

18:30 – 20:25 Welcome dinner Restaurant 

20:30 – 21:50 
Opening session 
Chair: Karl Kuchler 

Lecture Hall 

20:30 – 20:40 Welcome note 
Ursula Kummer Lecture Hall 

20:40 – 21:40 OL-01: Opening lecture – Charlie Boone (CA) 
The genetic landscape of a cell 

Lecture Hall 

21:40 – 21:50 Discussion  Lecture Hall 
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Thursday, March 01, 2018 

Morning Session 

 

08:30 – 12:30 
Symposium ‘Understanding Microbes’ 
Chair: Bas Teusink 

08:30 – 09:45 Methodology lectures Plenary 

08:30 – 08:35 Chair’s introduction Lecture Hall 

08:35 – 08:55 S1-L01: John J. Tyson (USA) 
Principles of cell cycle regulation in eukaryotes 

Lecture Hall 

08:55 – 09:15 S1-L02: Nassos Typas (BE) 
High-throughput interaction profiling in bacteria 

Lecture Hall 

09:15 – 09:35 S1-L03: Karoline Faust (BE) 
Microbial network inference and analysis 

Lecture Hall 

09:45 – 10:30 Parallel tutorials corresponding to lectures Parallel 

 John J. Tyson Room 051 

 Nassos Typas Room 052  

 Karoline Faust 
Room 053 

10:30 – 11:00 Coffee break  

11:00 – 12:30 Lectures on results Plenary 

11:00 – 11:25 John J Tyson Lecture Hall 

11:25 – 11:50 Nassos Typas Lecture Hall 

11:50 – 12:15 Karoline Faust Lecture Hall 

12:15 – 12:30 
General questions, chair’s summary and awarding of 
best student question prize 

Lecture Hall 

12:30 – 16:00 Lunch (package) and ski break 
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Thursday, March 01, 2018 

Evening Session  

 

16:15 – 16:45 Tea & coffee 
 

16:45 – 18:45 Blackboard teaching (BB) and computer practicals (CP) 

 
CP01:  Sven Sahle and Pedro Mendes 
Advanced topics in parameter estimation with COPASI 

Room EXL 3 

 

CP02 Akira Funahashi 
CellDesigner 

Room 051 

 

BB-01: Frank Bruggeman 
Stochasticity of biochemical circuits and single-cell growth 

Room 552 

 
BB-03: Wolfram Liebermeister 
The protein cost of metabolic fluxes in bacteria 

Lecture Hall 

 
BB-04: Franziska Matthäus 
Modeling spatio-temporal processes 

Room 052 

 
BB-06: Alberto Marin-Sanguino 
A novel strategy to accelerate the modeling and analysis of 
complex biological systems 

Room 053 

18:50 – 19:50 Dinner Restaurant 

20:00 – 20:30 Short talks Plenary 

20:00 – 20:15 PS1-05: Maren Diether 
Detecting regulatory enzyme-metabolite interactions in vivo 

Lecture Hall  

20:15 – 20:30 PS3-15: Lu Daan H. de Groot 
Maximal growth rate requires minimal metabolic complexity 

Lecture Hall 

20:45 – 22:15 Poster session 1 In groups 

20:45 – 21:30 Presentation of posters PS1-01 to PS1-24 
Poster 
Gallery 

21:30 – 22:15 Free poster viewing 
Poster 
Gallery 

22:15 – 22:45 Feedback session for poster presenters 
(presenters and mentoring teams only) 

Lecture Hall, 
Rooms EXL3, 
051, 052, 053 

  



SysBio2018 – Program 

14 

Friday, March 02, 2018 

Morning Session 

 

08:30 – 12:30 
Symposium ‘Medical & pharmaceutical SB‘ 
Chair: Edda Klipp 

08:30 – 09:45 Methodology lectures Plenary 

08:30 – 08:35 Chair’s introduction Lecture Hall 

08:35 – 08:55 S2-L01: Rune Linding (DK) 
Decoding of network attacking mutations rewiring cancer 

Lecture Hall 

08:55 – 09:15 S2-L02: Steven Altschuler (USA) 
From signaling to cellular behavior and back again 

Lecture Hall 

09:15 – 09:35 S2-L03: Natal A.W. van Riel (NL) 
Systems Medicine of Metabolic Syndrome; metabolic benefits 
of bariatric surgery 

Lecture Hall 

09:45 – 10:30 Parallel tutorials corresponding to lectures Parallel 

 Rune Linding Room 051 

 Steven Altschuler Room 052  

 Natal A.W. van Riel Room 053 

10:30 – 11:00 Coffee break  

11:00 – 12:30 Lectures on results 
Plenary 

11:00 – 11:25 Rune Linding Lecture Hall 

11:25 – 11:50 Steven Altschuler Lecture Hall 

11:50 – 12:15 Natal A.W. van Riel Lecture Hall 

12:15 – 12:30 
General questions, chair’s summary and awarding 
of best student question prize 

Lecture Hall 

12:30 – 13:30 Lunch  
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Friday, March 02, 2018 

Evening Session  

 

16:15 – 16:45 Tea & coffee  

16:45 – 18:45 Blackboard teaching (BB) and computer practicals (CP)  

 
CP-02: Akira Funahashi 
CellDesigner 

Room EXL 3 

 

CP-03: Michael Blinov 
VCell: compartmental and spatial modeling and simulation 
using reactions and reaction rules 

Room 051 

 

CP-04: Tom Altenburg 
'Build better models by turning redundancy into actual 
modularity with Tellurium - a Python modeling environment.' 

 

Room 552 

 
BB-01: Frank Bruggeman 
Stochasticity of biochemical circuits and single-cell growth 

Lecture Hall 

 
BB-02: Bas Teusink 
Black Board session on constraint-based modeling 

Room 052 

 
BB-05: Elad Noor 
Metabolic pathway design 

Room 053 

18:50 – 19:50 Dinner Restaurant 

20:00 – 20:30 Short talks 
Plenary 

20:00 – 20:15 PS2-16: Shmuel Gleizer 
Directed Evolution and Metabolic Engineering of E. coli 
towards Autotrophic Growth 

Lecture Hall  

20:15 – 20:30 PS2-12: Charlotte Ramon 
Functional alignment of genome-scale metabolic networks 
predicts phenotypic evolution rates 

Lecture Hall 

20:45 – 22:15 Poster session 2 
In groups 

20:45 – 21:30 Presentation of posters PS2-01 to PS2-28 Poster Gallery 

21:30 – 22:15 Free poster viewing Poster Gallery 

22:15 – 22:45 Feedback session for poster presenters 
(presenters and mentoring teams only) 

Lecture Hall, 
Rooms EXL3, 
051, 052, 053 
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Saturday, March 3, 2018 

Morning Session 

 

08:30 – 12:30 
Symposium ‘Systems Biochemistry’ 
Chair: Pedro Mendes 

08:30 – 09:45 Methodology lectures 
Plenary 

08:30 – 08:35 Chair’s introduction Lecture Hall 

08:35 – 08:55 S3-L01: Ursula Klingmüller (DE) 
From the control of erythropoiesis to patient-specific anemia 
treatment 

Lecture Hall 

08:55 – 09:15 S3-L02: Edda Klipp (DE) 
Systematic integration of models and data for yeast growth and 
division 

Lecture Hall 

09:15 – 09:35 S3-L03: Mary Teruel (USA) 
Control of mammalian cell differentiation by feedback and 
noise 

Lecture Hall 

09:45 – 10:30 Parallel tutorials corresponding to lectures 
Parallel 

 Ursula Klingmüller Room 051 

 Edda Klipp Room 052  

 Mary Teruel Room 053 

10:30 – 11:00 Coffee break 
 

11:00 – 12:30 Lectures on results Plenary 

11:00 – 11:25 Ursula Klingmüller Lecture Hall 

11:25 – 11:50 Edda Klipp Lecture Hall 

11:50 – 12:15 Mary Teruel Lecture Hall 

12:15 – 12:30 
General questions, chair’s summary and awarding of 
best student question prize 

Lecture Hall 

12:30 – 14:00 
Lunch  

Social Event: Bergisel Stadium (13:30 Departure) 

 

18:50 – 19:50 Dinner Restaurant 
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Sunday, March 4, 2018 

Morning Session 

 

08:30 – 12:30 
Symposium ‘Synthetic Biology’ 
Chair: Uwe Sauer 

08:30 – 11:45  Methodology lectures Plenary 

08:30 – 08:35 Chair’s introduction Lecture Hall 

08:35 – 09:30 S4-L01: Dominik Niopek (DE) Lecture Hall 

9:30 - 10:25 S4-L02: Georg Fritz (DE) Lecture Hall 

10:25 – 10:50 Coffee break 
 

10:50 – 11:45 S4-L03: Barbara Di Ventura (DE) 

Understanding mammalian gene expression control using 
optogenetics 
 

Lecture Hall 

11:45 – 12:30 
Parallel tutorials & questions corresponding to 
lectures 

Parallel 

 Dominik Niopek  Room 051 

 Georg Fritz Room 052  

 Barbara Di Ventura  Room 053 

12:30 – 16:15 Lunch (package) and ski break 
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Sunday, March 4, 2018 

Evening Session  

 

16:15 – 16:45 Tea & coffee  

16:45 – 18:45 Blackboard teaching (BB) and computer practicals (CP)  

 
CP-01: Sven Sahle and Pedro Mendes 
Advanced topics in parameter estimation with COPASI 

Room EXL 3 

 

CP-03: Michael Blinov 
VCell: compartmental and spatial modeling and simulation 
using reactions and reaction rules 

Room 051 

 
CP-04: Tom Altenburg 
'Build better models by turning redundancy into actual 
modularity with Tellurium - a Python modeling environment.' 

Room 552 

 
BB-02: Bas Teusink 
Black Board session on constraint-based modeling 

Lecture Hall 

 
BB-04: Franziska Matthäus 
Modeling spatio-temporal processes 

Room 052 

 
BB-06: Ursula Kummer 
 

Room 053 

18:50 – 19:50 Dinner Restaurant 

20:00 – 20:30 Short talks 
Plenary 

20:00 – 20:15 PS2-24: Adam Gosztolai 
How microbes see in space: phenotypic memory gives 
access to spatial information in bacterial chemotaxis 

Lecture Hall  

20:15 – 20:30 PS1-13: Daniela Esser 
Investigation of comorbidity and therapy response using 
transcriptional signatures across chronic inflammatory 
diseases 

Lecture Hall 

20:45 – 22:15 Poster session 3 
In groups 

20:45 – 21:30 Presentation of posters PS3-01 to PS3-20 Poster Gallery 

21:30 – 22:15 Free poster viewing Poster Gallery 

22:15 – 22:45 Feedback session for poster presenters 
(presenters and mentoring teams only) 

Lecture Hall, 
Rooms EXL3, 
051, 052, 053 
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Monday, March 5, 2018 

Morning Session  

 

08:30 – 12:30 
Symposium ‘SB & Cell Motility’ 
Chair: Karl Kuchler 

08:30 – 09:45 Methodology lectures Plenary 

08:30 – 08:35 Chair’s introduction Lecture Hall 

08:35 – 08:55 S5-L01 Jörg Stelling (Schweiz) 
Identification of Dynamic Cellular Network Models under 
Uncertainty 

Lecture Hall 

08:55 – 09:15 S5-L02: Francois Nedelec (DE) 
Cytoskeletal Mechanics of Blood Platelets 

Lecture Hall 

09:15 – 09:35 S5-L03: Tobias Meyer (US) 
Live cell analysis and modeling of the mammalian cell cycle 
entry and exit decision 

Lecture Hall 

09:45 – 10:30 Parallel tutorials corresponding to lectures Parallel 

 Jörg Stelling Room 051 

 Francois Nedelec Room 052  

 Tobias Meyer Room 053 

10:30 – 11:00 Coffee break 
 

11:00 – 12:30 Lectures on results Plenary 

11:00 – 11:25 Jörg Stelling Lecture Hall 

11:25 – 11:50 Francois Nedelec Lecture Hall 

11:50 – 12:15 Tobias Meyer Lecture Hall 

12:15 – 12:30 
General questions, chair’s summary and awarding 
of best student question prize 

Lecture Hall 

12:30 – 16:00 Lunch (package) and ski break 
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Monday, March 5, 2018 

Evening Session  

 

16:00 – 16:30 Tea & coffee  

16:30 – 19:00 
Closing Session  

Chair: Ursula Kummer 

Plenary 

16:30-17:30 
WORKSHOP: How to write a good abstract 

 

Thomas Lemberger (DE) 
Lecture Hall 

17:30-17:45 SysBio2018 Award  

17:45-19:00 CL-01: Closing Lecture – Andrew Millar (UK) 

A framework model that promises to link SNP’s to clines, and 
the need for open science. 

Lecture Hall 

18:45– 19:45 Dinner 
Restaurant 

20:00 Farewell party 
Lecture Hall 

 
 
 
 

Tuesday, March 6, 2018 

End of SysBio2018 

 

Check out 

07:00 – 08:30  Breakfast 

05:00 – 10:00 Check out at the hotel and departure 
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OPENING CEREMONY 
Wednesday, February 28, 2018 

 

 

Welcome Note 

 
 

Ursula Kummer  
 
 
 
 

Opening Lecture 

 
Chair: Karl Kuchler 

 
OL-01   The genetic landscape of a cell 

Charlie Boone 

Donnelly Centre, University of Toronto, 160 College St, Toronto M5S 3E1, Canada 

  

A genome-scale genetic interaction map was constructed by examining all ~18 million gene pairs in the 
budding yeast, Saccharomyces cerevisiae. A network based on genetic interaction profiles reveals a functional 
map of the cell in which genes of similar biological processes cluster together in coherent subsets and highly 
correlated profiles delineate specific pathways to define gene function. In general, negative interactions 
connected functionally related genes, mapped core bioprocesses, and identified pleiotropic genes, 
whereas positive interactions often mapped general regulatory connections among gene pairs, rather than 
shared functionality. However, extreme positive interactions associated with genetic suppression are highly 
informative functionally, often ocurring among essential genes in the same pathway. Quantitative features of 
the digenic interaction network are correlated with the potential to generate trigenic interactions, which are 
also functionally informative, highly prevalent, but weaker than their digenic counterparts. 
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Symposium 1 

Understanding Microbes 
Thursday, March 1, 2018 

 
 
 
 
 
 

Chair & Introduction 
 

Bas Teusink 
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Lectures 

 
S1-L01   Principles of cell cycle regulation in eukaryotes 
  

John J Tyson 

Biological Sciences, Virginia Tech, 926 West Campus Dr., Blacksburg 24061, United States of America 

The cell cycle is the sequence of events by which a growing cell replicates all its components and divides 
them more-or-less evenly between two progeny cells, which must receive all the machinery and information 
necessary to repeat the process. This sequence (of replication and division) is governed by a complex network 
of interacting genes and proteins revolving around the "master regulators" of the eukaryotic cell cycle, the 
cyclin-dependent kinases (CDKs). The underlying structure of cell cycle regulation is a sequence of bistable 
switches that govern transitions from one phase of the cycle to the next, in a closed loop. In this lecture, I will 
use mathematical modeling (with nonlinear ordinary differential equations) to unravel these basic principles 
and to address, as time permits, some current issues in cell cycle control.  

References: 

Tyson JJ & Novak B (2013), in Handbook of Systems Biology (edit by Wlahout M et al.), Academic Press, pp. 
265-285. 

Tyson JJ & Novak B (2015), BMC Biol, 13:46 
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S1-L02   High-throughput interaction profiling in bacteria 

Nassos Typas 

EMBL, Meyehofstr 1, Heidelberg 69117, Germany 

Systematic and quantitative profiling of functional interactions at a genome-wide level provides unique insights 
into cellular behaviors and the underlying network architecture. I will present recent developments in high-
throughput reverse genetics in bacteria and insights into their utility in uncovering new biology.  

In my lab, we have developed new tools and strategies for chemical genetics approaches bacteria, and 
applied it to E. coli and Salmonella Typhimurium. Thereby, we identified robust quantitative phenotypes for 
almost every E. coli gene, linked > 800 E. coli genes of unknown function to mapped processes - providing a 
strong basis for future mechanistic dissection of their role, determined conserved and rewired functional 
modules between the two organisms. We also use this information to predict phenotypes of natural E. coli 
populations, based on sequence variance.  

At a second level, we have profiled ~ 3,000 dose-resolved combinations of different antibiotics, selected 
human-targeted drugs and food additives in 6 strains from three Gram-negative pathogens. Our results 
illuminate key principles of drug-drug interactions and their underlying cellular networks, provide a framework 
for assessing the conservation of drug interactions across organisms, emphasize the promise that non-
antibiotic drugs hold as adjuvants, and offer a new path for design of narrow spectrum therapies.  

Finally, as part of an EMBL ongoing collaboration, I will present new insights into the effects of medication in 
human gut microbiome. 
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S1-L03   Microbial network inference and analysis 

Karoline Faust 

Department of Microbiology and Immunology, KU Leuven, Herestraat 49, Leuven 3000, Belgium 

Thanks to modern sequencing technology, the microbial composition of ecosystems ranging from the open 
ocean to the human gut has been elucidated. However, in order to understand how microbial communities 
work, we need to go beyond the abundance of community members; we need to learn who interacts with 
whom. The goal of microbial network construction is to infer the latter from the former. This lecture will 
highlight the pitfalls of microbial network construction, give an overview of different microbial network 
construction approaches and discuss which biological insights can be gained from inferred networks, with the 
network analysis of the TARA Oceans data as an example. In particular, the lecture will call attention to the 
role of the environment as a confounding factor in the inference and interpretation of microbial networks and 
present our latest results on this topic. In summary, the goal of this lecture is to familiarize participants with the 
strengths and limitations of microbial network construction and interpretation. 
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Short Talks  

 

PS1-05   Detecting regulatory enzyme-metabolite interactions in vivo 

Maren Diether, Uwe Sauer 

ETH Zürich, Auguste-Piccard-Hof 1, Zürich 8093, Switzerland 

During the last decade, experiments have revealed several regulatory metabolites that are thought to 
modulate the activity of metabolic enzymes and signaling proteins. However, methods to study the effects of 
these metabolites in vivo remain elusive. Here, we show that the cellular targets of regulatory metabolites can 
be revealed by perturbing their intracellular concentration and monitoring the dynamic response of the 
metabolome using untargeted mass spectrometry. Rapid increase of intracellular metabolite levels was 
achieved by treating yeast cells with esterified analogues of putative regulators. In total, the effect of 26 
putative regulators was characterized, revealing distinct metabolic responses in the first 15 min after 
treatment. In order to identify potentially regulated enzymes, we developed a computational approach to 
systematically rank over 350 yeast enzymes by evaluating the dynamic behavior of their substrates and 
products in all conditions. On average, the method reported 5 putative enzyme interactions per tested 
metabolite, while some metabolites where not predicted to interact at all and others participated in up to 30 
putative regulatory interactions. The set of predicted interactions also comprised several known inhibitory 
interactions in amino acid biosynthesis pathways. Currently, we are validating several of the newly 
identified regulatory interactions. 
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PS3-15   Maximal growth rate requires minimal metabolic complexity 
  

Daan H. de Groot, Coco van Boxtel, Bob Planqué, Frank J. Bruggeman, Bas Teusink 

Systems Bioinformatics, Vrije Universiteit Amsterdam, De Boelelaan 1108, Amsterdam 1081HZ, Netherlands 

The metabolic network of microbes is enormously versatile, while their metabolic behaviour is unexpectedly 
simple. The number of minimal cell synthesis pathways (Elementary Flux Modes) is in the hundreds of billions, 
while widespread microbial behaviour (e.g. overflow metabolism, the Warburg effect in cancer cells, or 
catabolite repression) can already be explained by only a handful of simultaneously active pathways. We 
addressed this apparent inconsistency by mathematically investigating the consequences of natural 
selection(*). 

Fitness maximisation forces cells to reproduce as fast as possible, inhibited only by fundamental physiological 
constraints, e.g. a limited membrane area or macromolecular crowding. These constraints can be translated 
into limits on the possible enzyme allocation. We prove that the number of active constraints determines the 
number of active minimal metabolic pathways (Elementary Flux Modes) that carry flux in the optimal solution. 
These constraints, and therefore the active Elementary Flux Modes, are low in number and universal across 
species, which explains why different species display common fitness effects of protein expression and similar 
metabolic behaviour. 

We use our theory to design an experiment that should be able to identify the growth-limiting constraints in 
different environmental conditions. This experiment is generally applicable (and is currently being applied by 
us to E. coli). We hope that our combination of theory and experiment will be an important asset in 
understanding the limits on the microbial growth rate. 
(*)(de Groot, D. et al. (2017), BiorXiv, prepublished) 
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Symposium 2 

Medical & pharmaceutical SB 
Friday, March 2, 2018 

 

 
 
 
 
 
 
 
 
 

Chair & Introduction 
 

Edda Klipp 
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Lectures 

 
S2-L01   Decoding of network attacking mutations rewiring cancer 

Rune Linding 

UCPH, Ole Maaløvsvej, Copenhagen N 2200, Denmark 

 

Signaling systems in multi-cellular organisms are vital for cell-cell communication, tissue organization and 
disease. Cancer genomics has unraveled a surprisingly large set of novel gene lesions from tumors. Our 
previous studies have globally explored the rewiring of cell signaling networks underlying malignant 
transformation caused by kinases and other signaling proteins. By generating quantitative time-/state-series 
data and subsequently using these as input for deep learning based computational modeling - our lab work to 
identify the principal changes in the genome, cell signaling and phenotypes of cells harboring genetic 
mutations; we validate these models by forward prediction of experimentally observed phenotypic responses 
to drug and genetic perturbations. We are currently deploying such forecasting models on data collected from 
patient derived (PDX) tumors to describe how the cell signaling networks are mechanistically, dynamically and 
differentially utilized in cancers. Finally, we are working to utilize deep learning to predict novel treatment and 
diagnostic strategies for tumors harboring different genetic lesions. In conclusion, our studies aims to unravel 
the fundamental rewiring of cell signaling networks in cancer and will serve as a major breakthrough in our 
basic understanding of their impact on the disease, paving the way for future clinical applications and tumor 
specific cancer therapy. 

Selected References:  
Linding et al., Cell 2007.Bakal et al., Science 2008.Jørgensen et al., Science 2009.Miller et al., Science 
Signaling 2008.Tan et al., Science Signaling 2009.Tan et al., Science 2009.Tan et al., Science 2011.Creixell 
et al., Nature Biotechnology 2012.Creixell et al., CELL 2015.Creixell et al., CELL 2015.Koplev et al., CELL 
Reports 2017. 
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S2-L02   From signaling to cellular behavior and back again. 

Steven Altschuler 

Pharmaceutical Chemistry, UCSF, 1700 4th Street, MC 2540, San Francisco 94158, United States of America 

How do biological networks regulate precise cellular behaviors? How do disease affect cellular decision 
making processes? Understanding the input to output map of cellular signaling netwoks remains one of the 
most challenging and fascinating problems in cellular biology. We will discuss recent approaches we have 
taken for inferring paths of signaling in biological networks based on observing cellular behaviors. We will 
discuss the experimental and analytical challenges of these approaches in both cell and organoid systems. 
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S2-L03   Systems Medicine of Metabolic Syndrome; metabolic benefits of 
bariatric surgery 

Natal A.W. van Riel 

Biomedical Engineering, Eindhoven University of Technology, Den Dolech 2, Eindhoven 5612AZ, Netherlands 

We use bariatric surgery as clinical ‘model’ to study metabolic derailments underlying Metabolic Syndrome. 
Data-driven physiological modelling is applied to study the role of bile acids and metabolic health. 
Using population data, a generic model of intestinal anatomy and bile acids metabolism has been developed. 
The model includes multiple time scales. It describes 24 hour dynamics associated with responses to meals. 
Slower dynamics mainly originate from processes in the colon and include transformation of bile acids by gut 
microbiota.  
The model is analysed for robustness and identifiability given measurements of plasma bile acids obtained 
with time-series metabolomics. We create a library of ‘virtual patients’ by calibrating the model to data from 
individuals who repeatedly received the same meal.  
Two applications will be discussed. First, the set of models is applied to study bile acid homeostasis in patients 
with Type 2 Diabetes. Models for 15 patients are compared against an equal number of healthy controls, 
identifying differences in underlying metabolic regulation. Second, the model is adopted to simulate both the 
acute effects of bariatric surgery (within weeks after surgery) and slower physiological and metabolic 
adaptations that emerge in months and years after surgery. 
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Short Talks  

 
PS2-16   Directed Evolution and Metabolic Engineering of E. coli towards 
Autotrophic Growth 

Shmuel Gleizer1, Roee Ben-Nissan1, Niv Antonovsky2, Yinon Bar-On1, Elad Noor3, Arren Bar-
Even4, Ron Milo1 
1 Plant and Environmental Sciences, Weizmann Institute of Science, Herzl 234, Rehovot 7610001, Israel 
2 The Rockefeller University, NYC, NY, USA 
3 ETH Zurich 
4 Max Planck Institute of Molecular Plant Physiology, Potsdam-Golm 

Our recent work demonstrated the capability to integrate a fully functional carbon fixation cycle into the 
heterotrophic model organism E. coli[1]. This achievement, which was implemented by a combination of 
rational metabolic rewiring, recombinant protein expression and laboratory evolution, has led to the 
biosynthesis of major biomass constituents by a fully functional Calvin-Benson-Bassham (CBB) cycle in the 
originally heterotrophic bacteria. Our E. coli strains use reducing power and energy by oxidizing a supplied 
organic compound (pyruvate). However, pyruvate also serves as the carbon source for the biosynthesis of 
most of the cellular building blocks, such as amino acids and lipids (≈ 2/3 of total cellular carbon), leaving us 
with only 1/3 of the biomass obtained via carbon fixation. 

With the aim of evolving E. coli to complete autotrophy, we set out to test additional metabolic configurations 
for the evolution of hemi- and fully autotrophic growth. We used a computational framework based on flux 
balance analysis to come up with promising metabolic configurations. These configurations include 
combinations of gene knockouts, knock-ins and specific carbon sources which altogether ensure coupling 
between CBB flux and biomass accumulation (growth), with certain biomass precursors produced only from 
inorganic carbon. So far we’ve already evolved and isolated clones which grow on acetate and CO2 without a 
glyoxylate shunt. Acetate serves as their source for reducing power, ATP and acetyl-CoA while CO2 is their 
primary source of carbon for most biomass building blocks. We use 13C-tracer experiments combined with 
metabolomics to validate the fluxes in our strains. Furthermore we now work to implement a fully autotrophic 
E.coli where energy supply is completely decoupled from organic carbon flow in central metabolism by co-
expressing CBB enzymes along with an NAD+ dependent formate dehydrogenase and supply of formate as 
the energy source. Initial results already show that the later enzyme is active in our rewired E. coli strains. 

This work can lead the way to generation of E. coli strains applicable for sustainable production of 
biochemicals as well as to a malleable biological platform to study and improve carbon fixation pathways. 

[1] Antonovsky, N., Gleizer, S. et al. (2016) Cell 
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PS2-12   Functional alignment of genome-scale metabolic networks predicts 
phenotypic evolution rates 

Charlotte Ramon, Joerg Stelling 

ETH Zurich, Universitätstrasse 19, Zürich 8092, Switzerland 

Understanding the fundamental principles governing the evolution rate of proteins has been a major concern 
for the past 50 years. Most research that addresses this problem uses nucleotide sequences to derive the 
evolutionary properties of proteins, where it is assumed that each protein operates in isolation from the rest of 
the organism. In contrast, only few studies tried to approach evolution using a systems biology view on protein 
function by investigating the phenotypic properties of an organism. Knowing how phenotypic properties evolve 
along time would help understanding the principles governing natural selection. However, current methods for 
computing metabolic phenotypic similarities between pairs of microorganisms focus on indirect aspects, such 
as similarities in the carbon sources needed for growth or gene essentiality similarities. The major 
disadvantage of this approach is that it prevents deriving whether different parts of the network evolve at 
different rates. 

Here, we develop a framework for functional metabolic alignment to derive the phenotypic distance for each 
biochemical reaction between two metabolic networks. Each metabolic network is characterized by its 
perturbation profile using structural sensitivity analysis; one sensitivity or phenotypic distance represents the 
perturbation profile distance between two reactions in each of the two organisms. The alignment then provides 
a one-to-one mapping between reactions in the two networks, as well as the assigned sensitivity distance for 
each mapping. We studied the phenotypic evolution rate of 321 bacterial genome-scale metabolic models 
using 51’360 pairwise alignments. As previously observed, global sensitivity distance or phenotypic distance 
increase quickly at small genetic distances and saturate slowly at longer genetic distances. Also, sensitivity 
distances for unique reactions linearly decrease with their usage in the bacterial species. After correcting for 
this effect, the average evolution rate for the different metabolic functions and their evolution along time were 
observed to differ depending on the metabolic functions. For example, we could confirm that oxidative 
phosphorylation tends to evolve more slowly than other metabolic functions. We expect this novel approach to 
bring new insights into evolutionary adaptation. Regulation of metabolic networks could be studied in follow-up 
methods to increase the coverage of the approach. 
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Symposium 3 

Systems Biochemistry 

Saturday, March 3, 2018 

 

 
 
 
 
 
 
 
 
 

Chair & Introduction 
 

Pedro Mendes 
 
 
  



SysBio2018 –Symposium 3 on Saturday, March 3, 2018 

35 

Lectures 

 
S3-L01   From the control of erythropoiesis to patient-specific anemia 
treatment 

Ursula Klingmüller 

B200, DKFZ, Im Neuenheimer Feld 280, Heidelberg 69120, Germany 

Erythropoiesis, the formation of red blood cells, is tightly controlled by the hormone erythropoietin (Epo). 
Binding of Epo to its cognate receptor on erythroid progenitor cells induces the activation of the AKT and ERK 
pathways, which control cell proliferation. 

Different hematopoietic cell types that share the molecular network topology for pro-proliferative Epo signaling 
exhibit distinct proliferative responses. We identified two sources for cell type-specific proliferation. First, cell 
type-specific protein abundance patterns cause differential signal flow along the AKT and ERK pathways. 
Second, downstream regulators of both pathways have differential effects on proliferation. An integrated 
mathematical model of Epo-driven proliferation explained cell type-specific effects of targeted AKT and ERK 
inhibitors and predicted anti-proliferative effects of inhibitors in primary human erythroid progenitor cells. 

Characteristic for the erythroid system is that erythroid progenitor cells respond to a wide range of ligand 
concentrations. Low concentrations of Epo are sufficient to ensure renewal of erythrocytes but high Epo 
concentrations are observed upon blood loss. To obtain mechanistic insights into systems properties that 
enable responses for a broad range of ligand concentrations we translated reactions of ligand-receptor 
interactions into coupled ordinary differential equations and calibrated the model parameters based on time-
resolved measurements. Guided by the model we showed that rapid receptor turnover is an essential feature 
and experimentally confirmed these insights. Complementary, at the single cell level we showed that receptor 
transport buffers cell-to-cell variability. 

Anemia due to reduced numbers of red blood cells is highly prevalent in cancer and reduces the response to 
chemotherapy and the quality of life. Epo and its derivatives, termed Erythropoiesis Stimulating Agents 
(ESAs), have been widely used to correct anemia in cancer. Unfortunately, 30-50% of the patients do not 
respond to ESA treatment and mortality risk is increased. We developed a new dosing approach in order to 
increase treatment efficacy and reduce the associated risk of mortality. We established a predictive multiscale 
model by combination of a cell-scale model with pharmacokinetic and pharmacodynamic data on ESA 
treatment in human subjects. This model will be applied to predict the minimal efficacious ESA doses to 
optimize anemia treatment for individual cancer patients. 
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S3-L02   Systematic integration of models and data for yeast growth and 
division 

Edda Klipp, TBP Group 

Theoretical Biophysics, Humboldt-Universität zu Berlin, Invalidenstr. 42, Berlin 10115, Germany 

With the progress of genome-wide experimental approaches we witness the establishment of more and more 
libraries of genome-wide data for proteins or RNA or metabolites. However, the separated consideration of 
metabolic networks or gene regulation networks does not tell us how these networks are integrated to allow a 
cell to grow, divide and respond to changing environments. 

We use the yeast Saccharomyces cerevisiae as the model organism for eukaryotic cells allowing to 
comprehensively analyzing regulatory networks and their integration with cellular physiology. We use a 
modular and iterative approach that allows for a systematic integration of cellular functions into a 
comprehensive model allowing to link processes that are strongly interlinked in cellular life, but measured 
separately. 

Here, we will explain why and under which circumstances it is necessary to combine different models and 
which rules and standards are necessary. We will especially focus on the interfaces between – artificially 
divided – biological or cellular units. Moreover, we will explain, which additional conclusions can be drawn 
from the integrated models compared to the analysis of individual networks. 
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S3-L03   Control of mammalian cell differentiation by feedback and noise 

Mary Teruel 

Chemical and Systems Biology, Stanford University, 269 Campus Drive, CCSR 3155B, Stanford 94305, 
United States of America 

Mammalian tissue size is maintained by slow replacement of damaged and dying cells. For adipocytes, key 
regulators of glucose and lipid metabolism, the renewal rate is only 10% per year. We used computational 
modeling, quantitative mass spectrometry, and single-cell microscopy to show that cell-to-cell variability, or 
noise, in protein abundance acts within a network of more than six positive feedbacks to permit pre-adipocytes 
to differentiate at very low rates. This reconciles two fundamental opposing requirements: high cell-to-cell 
signal variability so that differentiation rates can be kept very low and low signal variability to prevent 
differentiated cells from de-differentiating. Higher eukaryotes can thus control low rates of near irreversible cell 
fate decisions through a balancing act between noise and ultra-high feedback connectivity1,2. 

We have since explored how the differentiation network functions in the physiological context where hormone 
inputs are known to oscillate. Intriguingly, we found that a circadian signaling code is critical for restricting the 
rate of fat cell differentiation. Dysregulation of the circadian pattern of glucocorticoid oscillations by irregular 
feeding and sleep cycles, by long-term hormone treatment, or during metabolic diseases, have all been shown 
to cause obesity. By using live, single-cell imaging of the key adipogenic transcription factors CEBPB and 
PPARG, endogenously tagged with fluorescent proteins, we show that pulsatile circadian hormone stimuli are 
rejected by the adipocyte differentiation control system, leading to very low adipocyte differentiation rates3. In 
striking contrast, equally strong persistent signals trigger maximal differentiation. We identify a network that 
combines fast and slow positive feedback loops as a unique regulatory motif that selectively suppresses 
differentiation for circadian pulse patterns. Together, our study provides a molecular mechanism for why 
stress, Cushing's disease, and other conditions for which glucocorticoid secretion loses its pulsatility can lead 
to obesity. Furthermore, given the ubiquitous nature of oscillating hormone secretion in mammals, the filtering 
mechanism we uncovered may represent a general temporal control principle for differentiation. 

[1] Ahrends R,…,& Teruel MN. Science 344, 1384–1389 (2014). [2] Park BO, Ahrends R & Teruel MN.  Cell 
Reports 2, 976–990 (2012) [3] Bahrami-Nejad Z, Zhao ML, ..., & Teruel MN. (under review, posted on bioRxiv) 
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Chair & Introduction 
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Lectures 

S4-L01    

Dominik Niopek 

German Cancer Research Center DKFZ, Division of Theoretical Bioinformatics, Heidelberg, Germany 
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S4-L02    

Georg Fritz 

OEWE-Zentrum für Synthetische Mikrobiologie Quantitative and Computational Microbiology Hans-Meerwein-
Straße 6, 35032 Marburg
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S4-L03   Understanding mammalian gene expression control using 
optogenetics 

Barbara Di Ventura, Enoch Antwi 

University of Freiburg, Schänzlestrasse 1, Freiburg 79104, Germany 

The activation of gene expression by transcription factors (TFs) is regulated at different levels including the 
abundance and nuclear localization of the TF itself, the accessibility of the target DNA and the binding affinity 
of the TF for its cognate DNA. It has also been shown that the temporal change of the nuclear levels of some 
TFs with multiple targets carries information that eventually leads to the activation of selected target genes. 
How TF dynamics are decoded at the promoter level in mammalian cells is still poorly understood. Our goal is 
to study the role played by different features of a mammalian promoter in decoding the information carried in 
TF dynamics. To this aim, we use the synthetic biology approach engineering synthetic transcription factors 
bearing a light-inducible nuclear localization signal (NLS). This enables us to non-invasively drive the 
accumulation of the TF in the nucleus upon light induction. As the light-inducible NLS becomes caged again 
once the cells are kept in the dark, the TF is exported into the cytoplasm in the absence of light. By controlling 
the intensity and the timing of the blue light pulses, we can effectively create different TF dynamics and study 
how they relate to the expression of the target gene. To understand the role of the promoter in sensing 
different TF dynamics, we construct a small library of promoters responsive to the synthetic TF differing for 
instance in the number of response elements and their distance to the transcription start site. By collecting 
quantitative data and feeding them in a mathematical model, we hope to be able to decipher the mechanism of 
mammalian gene expression control mediated by TF dynamics. 
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Short Talks  

PS2-24   How microbes see in space: phenotypic memory gives access to 
spatial information in bacterial chemotaxis 

Adam Gosztolai, Jose A. Carrillo, Mauricio Barahona 

Imperial College London, 180 Queens Gate, London SW7 4AG, United Kingdom of Great Britain and Northern 
Ireland 

Phenotypic memory, or history-dependent cellular response to transient stimuli, is a fundamental characteristic 
of biochemical circuits controlling the chemotaxis of bacteria. Thus, understanding the interplay between 
phenotypic memory and the chemoattractant changes sensed by the swimming cell is essential to predict the 
ecological consequences of intracellular dynamics. We study this conundrum on multiple scales using the 
Escherichia coli model system by linking an agent-based model, involving the mechanistic interactions of the 
chemotaxis pathway, and continuum-scale models of the cell population dynamics. Classical studies suggest 
that the chemotaxis pathway resolves local chemoattractant gradients to guide cells to ’greener pastures’, 
known as gradient-sensing. We show that, while predicting the swimming dynamics in static environments, the 
predictions of gradient-sensing break down in the presence of environmental fluctuations - most profoundly 
when the timescale of perceived fluctuations is comparable to the timescale of the memory. Our analysis 
reveals that this discrepancy is not only the result of molecular noise filtering but also by the chemotaxis 
pathway processing spatial correlations. To capture this behaviour, we formulate a novel mathematical model 
of chemotaxis, in the framework of optimal control theory. Our model extends gradient-sensing by allowing the 
chemotaxis behaviour to depend on environmental correlations, in addition to local gradients, as a function of 
the memory length. We use the model to accurately predict the population dynamics of chemotactic bacteria in 
fluctuating environments, thus rationalising why the gradient-sensing model under-predicted the chemotaxis 
performance observed in several earlier experiments. Our results extend several earlier studies and offer 
insight how phenotypic memory can provide an ecological advantage in heterogeneous chemoattractant 
landscapes. 
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PS1-13   Investigation of comorbidity and therapy response using 
transcriptional signatures across chronic inflammatory diseases 

Daniela Esser, Christoph Kaleta 

Medical Systems Biology/Institute for Experimental Medicine, CAU Kiel, Michaelisstr. 5, Kiel 24105, Germany 

Chronic inflammatory diseases (CIDs) are characterized by a high rate of comorbidity and a frequent lack of 
therapy response. Understanding the molecular mechanisms underlying CID co-occurrences as well as 
predictions of drug response are of crucial importance to device more specifically tailored treatment strategies 
for patients affected by one or several CIDs. 

Using 3783 published transcriptome samples across five CIDs (chronic obstructive pulmonary disease, 
coronary artery disease, inflammatory bowel disease, periodontitis, and psoriasis), we identified a core 
inflammation signature comprising 732 genes enriched for 28 pathways and thus, dissected general causal 
from tissue-specific changes. Compared to disease-specific dysregulated genes, core inflammation genes 
were characterized by a higher average network connectivity as well as a higher proportion of genes 
associated with the immune system. Interestingly, disease distances based on expression data showed a high 
similarity to reported comorbidity rates between diseases. This demonstrates that the likelihood of 
comorbidities is reflected in the expression data even before occurrence of a second disease. 

Additionally, a drug response prediction (DRP) algorithm for CIDs based on dysregulated genes as well as 
knowledge of pathways, functional groups and protein interactions was implemented and verified with several 
studies. The approach is independent of a training set. Therefore, the method can not only be used for 
applications in personalized medicine, but also for guiding the development of novel drugs to avoid extensive 
lab experiments. Already performed in silico predictions of the transferability of 13 known drugs showed a very 
strong concordance with phase 1-3 clinical trials. 

Combining the cross-disease approach with DRP is important to identify the optimal therapy approach for 
comorbid patients and can give additional insights into gene characteristics of the most promising drug targets. 
In summary, this project is a key step towards understanding comorbidity and supporting therapy decisions as 
well as the development of novel drugs in CIDs. 

We acknowledge the support of the DFG Cluster of Excellence “Inflammation at Interfaces”. 
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Lectures 

 
S5-L01   Identification of Dynamic Cellular Network Models under 
Uncertainty 

Joerg Stelling 

ETH Zurich, Mattenstr. 26, Basel 4058, Switzerland 

To quantitatively understand and characterize cellular networks, a dynamic analysis of processes such as cell 
signaling and gene regulation is critical. However, our knowledge about essentially all cellular networks is 
incomplete, regarding quantitative parameters and functional relations between components alike. This holds 
despite the increasing availability of quantitative datasets, for example, because it is often hard or impossible 
to measure all relevant components of a system (such as protein abundances, protein complex formation, and 
interactions with small molecules) simultaneously and dynamically. Uncertainty in components and their 
interactions (i.e., biological hypotheses) is reflected in uncertain model structures, which is a particular 
challenge for mechanistic modelling in systems biology. Here, we present methods for systematically 
representing uncertainty in dynamic mathematical models, and for inferring unknown quantities and 
mechanisms by combining models and data. Specific application examples range from the model-based 
integration of multi-omics datasets in metabolic control to the inference of mechanisms of yeast nutrient 
signaling to illustrate how dynamic models can serve as tools from raw data analysis to detailed discrimination 
of biological hypotheses in systems biology. 
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S5-L02   Cytoskeletal Mechanics of Blood Platelets 
 

Francois Nedelec, Aastha Mathur, Sandra Correia, Serge Dmitrieff, Romain Gibeaux, Iana 
Kalinina, Tooba Quidway, Jonas Ries 

Cell Biology, European Molecular Biology Laboratory, Meyerhofstrasse 1, Heidelberg 69117, Germany 

Blood platelets play a major role in hemostatis, the process of stopping blood loss from injured vessels. 
Platelets have a discoid shape while floating free in the blood in the so called ‘resting’ state, but come in 
various size, ranging from 1.6 µm to 5 µm. I will argue that their size in this case can be understood from the 
competition between the elasticity of a circular bundle of microtubules, and surface tension at the cell edge. 
Such a mechanical equilibrium predicts a scaling law that is verified by imaging a large number of individual 
platelets live, from Mouse and Human blood samples. I will then discuss the dynamics that is observed at the 
onset of platelet activation, on the path towards platelet adhesion and aggregation. The microtubule ring 
maintaining the shape of platelets initially coils, but is later able to recover within 30 minutes. This can be 
understood as the ring is made of multiple microtubules that are dynamically connected, and can respond both 
elastically or viscously. Importantly, given the mechanical properties of these components, we can explain why 
the overall mechanical response of platelets is dependent on their size, a fact that is known to be important for 
the physiology of platelets in vivo. 

  



SysBio2018 –Symposium 5 on Monday, March 5, 2018 

47 

S5-L03   Live cell analysis and modeling of the mammalian cell cycle entry 
and exit decision 

Tobias Meyer1, Steve Cappell2 
1 Chemical and Systems Biology, Stanford University Medical Center, 318 Campus Drive, Clark Building 
W200 , Stanford 94305-5174, United States of America 
2 Chemical and Systems Biology, Stanford University Medical Center,318 Campus Drive, Clark Building W200 
, Stanford 94305-5174, United States of America 

Proliferating cells must cross a point of no return before they replicate their DNA and divide. They also make a 
related decision after mitosis to exit the cell cycle or enter the next cell cycle. These commitment and exit 
decisions play a fundamental role in cancer and degenerative diseases and have been proposed to be 
mediated by phosphorylation of retinoblastoma (Rb) protein. I will be presenting live-cell experimental analysis 
of the key signaling activities involved as well as computational models to understand the role of feedback and 
competition mechanisms in regulating both the entry and exit decisions. Particularly, our live cell analysis 
shows that it is not Rb phosphorylation, as previously proposed, but rather inactivation of the E3 
ligase APC(Cdh1) that is responsible for the irreversible decision point. We show that APC(Cdh1) inactivation 
is a rapid, bistable and irreversible switch initiated shortly before the start of DNA replication by cyclin E/Cdk2 
and made irreversible by Emi1. Interestingly, Emi1 is at the same time an inhibitor and a substrate 
of APC(Cdh1) which is sufficient to generate an irreversible switch. 
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CLOSING SESSION  
Monday, March 5 2018 

 

Chair: Ursula Kummer 
 

Closing Lecture 

 
CL-01   A framework model that promises to link SNP’s to clines, and the 
need for open science. 

Andrew Millar1, Uriel Urquiza1, Argyris Zardilis1, Gordon Plotkin2, Ally Hume3, Eilidh Troup3, 
Tomasz Zeilinski1 
1 SynthSys and School of Biological Sciences, University of Edinburgh 
2 School of Informatics, University of Edinburgh 
3 EPCC and SynthSys, University of Edinburgh 

Systems Biology aims to understand (explain and predict) the behaviour of cells and organisms, starting from 
their genome sequence, and hence their biochemical and molecular networks. I will discuss how to do so in 
practice, using a concrete example from our recent work linking genotype to phenotypes for the circadian 
clock. The 24-hour clock controls the sleep-wake cycle, the cell cycle and seasonal reproduction of plants and 
animals. The clock is formed of a small gene regulatory network, whose genes are functionally important. For 
example, crop breeders have selected variants of clock-associated genes in multiple species. We seek to 
understand how the clock gene circuit controls plant growth, biomass and life history in the lab model species 
Arabidopsis thaliana. However, a systems biology approach should ideally start from genome sequences (not 
a gene circuit), and reach up to field traits (not lab phenotypes). 
We previously built mechanistic, mathematical models of the clock gene circuit, and of each clock-regulated 
process between germination and flowering, including the nightly utilisation of starch carbon stores. I will 
discuss the approach to linking specific aspects of the clock model to genome sequence (SNPs). We have 
also combined three further models to form the Arabidopsis Framework Model (FMv1; 
www.plasmo.ed.ac.uk/plasmo/models/model.shtml?accession=PLM_76), which predicts rosette biomass 
quantitatively in simple reference conditions (Chew et al. PNAS 2014). In the FMv2 (Chew et al. bioRxiv 2017, 
https://doi.org/10.1101/105437), we modelled the clock-regulated processes in the whole-plant context, to 
understand quantitatively the pleiotropic phenotypes of a ‘slow’ clock mutant, from the gene circuit dynamics to 
biomass. Testing the FMv2 under multiple environments now suggests the potential to link up to field 
performance, bridging from genomics to ecology without ignoring the mechanisms in between. 
 
I will discuss the technical, practical and social challenges of making such mixed and hybrid models 
accessible and testable. An important part of the answer lies in Open Science practices. The FAIRDOM 
platform (www.fair-dom.org) seems to offer the best solution to the problems of organising and sharing 
relevant data and models. I will discuss the promise and challenges of Open Science. 

 
 
 

SysBio 2018 Course Closure  

 

Ursula Kummer 
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ABSTRACTS BLACKBOARD TEACHING 

 

BB-01   Stochasticity of biochemical circuits and single-cell growth 

Frank Bruggeman 

Molecular Cell Biology, VU University, De Boelelaan 1087, Amsterdam 1081 HV, Netherlands 

In my lectures I will explain the theory that describes the stochasticity of single-cell growth and biochemical 
circuits. I will present some of the experimental support of this theory. I will start with the basics of stochastic 
models of biochemical circuits and how circuit stochasticity is affected by cell growth and division. The growth 
of single cells is also probabilistic, I will also explain the basics of the associated theory. During the lectures I 
will highlight some of the open problems.  
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BB-02   Black Board session on constraint-based modeling 
  

Bas Teusink 

Amsterdam Institute for Molecules Medicines and Systems, Vrije Universiteit Amsterdam, location code 02E52 
de Boelelaan 1085, Amsterdam 1081HV, Netherlands 

In this BB session I will explain the steps of the metabolic reconstruction process (bioinformatics, guilt-by-
association, thermodynamic arguments for capacity constraints, etc) and then use toy models to explain the 
basics of the most popular constraint-based modeling techniques, such as Flux Balance Analysis, Flux 
Variability Analysis, reduced costs, flux modes, dynamic FBA, community FBA and resource-allocation FBA 
(all this depending on how things go). We will discuss the possibilities and limitations of the techniques, and 
possible directions to the future. 
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BB-03   The protein cost of metabolic fluxes in bacteria 

Wolfram Liebermeister 

Unit MaIAGE, INRA, Domaine de Vilvert, Jouy-en-Josas 78352, France 

In this blackboard teaching session, I will address an economic aspect of microbial metabolism: the protein 
cost associated with metabolic fluxes. I will show how this cost can be approximated based on enzyme 
kinetics and on the assumption of minimal enzyme investments. I discuss how enzyme costs per unit flux, 
once they are known, can be used to predict metabolic fluxes and how simplified cost functions for Flux 
Balance Analysis can be derived. By considering a partitioning of protein resources between ribosomes and 
metabolic enzymes, predictions about enzyme cost can be translated into cellular growth rates. At the end of 
the session, I discuss constraint-based models that consider a fine-grained partitioning of the protein budget 
into individual enzymes. Such models predict metabolic strategies and protein investments solely from 
metabolic network structure, from physical and physiological constraints (such as limited cell space, protein 
composition, and presumable catalytic rates of enzymes), and from an assumed drive for fast growth. 
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BB-04   Modeling spatio-temporal processes 

Franziska Matthäus 

FIAS, Goethe-University Frankfurt, Ruth-Moufang-Str. 1, Frankfurt am Main 60438, Germany 

Biological components do not only interact, they are also subject to transport processes, such as diffusion or 
drift. Transport processes influence reaction kinetics, and lead to spatiotemporal phenomena like traveling 
waves or the formation of spatial patterns. A common approach to model spatiotemporal processes are partial 
differential equations. We will provide a basic introduction into mathematical modeling using partial differential 
equation on the example of diffusion and reaction-diffusion systems. We will derive, analyse and discuss 
approaches to model diffusion, advection, anomalous diffusion, reaction-diffusion equations and coupled 
systems of PDE’s. We will introduce properties of these processes, and often observed phenomena, like 
traveling waves or the formation of spatial pattern. Apart from the mathematical background we will present 
biological examples where these processes are of importance. 

  



SysBio2018 – Blackboard Teaching 

53 

BB-05   Metabolic pathway design 

Elad Noor 

IMSB, ETH, Auguste-Piccard-Hof 1, Zurich 8093, Switzerland 

In this blackboard session, we will cover several aspects of pathway design in the context of metabolic 
engineering: 

- Stoichiometric modeling and flux coupling algorithms 

- Thermodynamic constraints 

- Directed evolution 

- Autocatalytic cycles 
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BB-06   A novel strategy to accelerate the modeling and analysis of complex 
biological systems 
Alberto Marin-Sanguino  
Technische Universität München, Faculty of Mechanical Engineering Specialty Division for Systems 
Biotechnology, Boltzmannstr. 15, 85748 Garching   
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ABSTRACTS COMPUTER PRACTICALS 

 
CP-01    Advanced topics in parameter estimation with COPASI 
 

Pedro Mendes, Sven Sahle   
 
COPASI is a widely used tool for creating, simulating and analysing kinetic models of biochemical reaction 
networks. In this session we will focus on parameter estimation/model fitting, which is one of the key features 
of COPASI and at the same time a crucial technique in computational systems biology.  
 
We will have practical demonstrations and exercises about setting up and running parameter estimation tasks 
with the software COPASI, including setups using data from multiple experiments under different conditions. 
We will discuss practical issues including the choice of optimisation algorithms (local/global optimisers). We 
will then cover how model fitting is used to answer qualitative and quantitative biological questions.  (E.g. "Can 
my hypothesis explain the observed experimental data?“ and "Can I resolve the quantitative properties of 
biochemical processes from the given data?“). We will show how parameter identifiability 
can be analysed using COPASI.  
During the week of the course we will be available to answer questions on the features of COPASI that will not 
be covered in this session.  
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CP-02   CellDesigner 

Akira Funahashi 

Dept. of Biosciences and Informatics, Keio University, 3-14-1 Hiyoshi Kouhoku-ku, Yokohama 223-8522, 
Japan 

CellDesigner is a software package for modeling and simulation of biochemical and gene regulatory networks, 
originally developed by the Systems Biology Institute in Japan. While CellDesigner itself is a sophisticated 
structured diagram editor, it enables users to directly integrate various tools, such as built-in SBML ODE 
Solver, COPASI, Simulation Core Libray and SBW-powered simulation/analysis modules. CellDesigner runs 
on various platforms such as Windows, MacOS X and Linux, and is freely available from our website at 
http://celldesigner.org/. In this course, I will explain how CellDesigner can be used from modeling 
perspectives. The first topic will feature network modeling using CellDesigner, and will show how she/he could 
build a model from scratch, and examine simulations. This topic also includes an explanation on how we build 
a biochemical network as a "map" which includes links to several existing databases, and how we build a 
mathematical model by the aspect of process-diagram based modeling. Once a model is described with 
appropriate mathematical equations and parameters, running a simulation on CellDesigner is quite straight 
forward. I will also explain how to easily tweak your model from CellDesigner's user-interface and observe 
some changes in the dynamics. Not just building a model from scratch, this course also introduces how we 
can "import" an existing model from several third-party databases (ex. BioModels.net, PANTHER database). 
This might be useful for users who actually read a paper and got interested in the model, but does not have 
enough experience on building a mathematical model by hand. This tutorial will cover both mathematical 
modeling and graphical modeling (create a model as a 'map') topics, and mainly focuses on mathematical 
modeling. Bringing your notebook PC with CellDesigner installed is highly recommended. 
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CP-03   VCell: compartmental and spatial modeling and simulation using 
reactions and reaction rules 

Michael Blinov, Leslie Loew 

Center for Cell Analysis & Modeling, University of Connecticut Medical School, 400 Farmington Ave, 
Farmington 06030, United States of America 

Virtual Cell (VCell, http://vcell.org) is an open-source platform (automatic installers for Windows, Mac OS and 
Linux) that provides powerful capabilities for kinetic modeling of cellular systems. It provides one-stop 
simulation shopping: deterministic (compartmental ODE or reaction-diffusion-advection PDE), stochastic 
reactions (several SSA solvers), spatial stochastic (reaction-diffusion with Smoldyn), spatial hybrid 
deterministic/stochastic and compartmental network-free agent based simulations. 

Models can be formulated as an explicit network or generated from graphically expressed rules. Modelers can 
enter reactions and pathways in a biology-based interface, VCell automatically creates the math for you. 
Optionally modelers may also enter math directly. VCell supports multiple biophysical mechanisms, including 
reaction kinetics, diffusion, flow, membrane transport, lateral membrane diffusion and electrophysiology. 

Models can be saved on a central searchable database and simulations can run on our remote servers from 
any low-cost laptop. Models and their simulation results can be accessed from anywhere, and models can be 
shared among collaborators or made publicly available. Optionally, simulations can also be run locally without 
an Internet connection. 

An important feature of VCell is to allow modelers to ask how spatial features of cells affect the system 
behavior. At the simplest level, the relative sizes of compartments affect the concentrations of species 
transported between them. If diffusion and spatial localization of molecular species can affect the biology, the 
geometric shapes of the membrane and volumetric compartments can be explicitly considered. Model 
geometries may be derived from idealized analytical expressions or from experimental 2D or 3D microscope 
images, or constructed using constructive solid geometry. 

VCell supports modeling using a combination of reaction networks and reaction rules (rule-based modeling). It 
provides a way to account for all the potential molecular complexes and interactions among multivalent or 
multistate molecules. Molecular interactions can be specified in the form of reaction rules that serve as 
generators of reactions. The same set of rules can be simulated using both network generation (BioNetGen 
software) and network-free simulation (NFSim software). 
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CP-04   Detailed information for computer practical - Tellurium 
'Build better models by turning redundancy into actual modularity with 
Tellurium - a Python modeling environment.' 

Tom Altenburg 

Theoretical Biophysics, Humboldt Universität zu Berlin , Invalidenstrasse 42, Berlin 10115, Germany 

 ‘Build better models by turning redundancy into actual modularity with Tellurium - a Python 
modeling environment.’ 

This computer practical illustrates possible applications of Tellurium, which is a Python environment 
for building, solving and analyzing models in systems biology. The course will begin with a short 
introduction to i) antimony, which is Tellurium’s human-readable modeling language and ii) 
roadrunner, Tellurium’s solver intended to simulate those models. From my point of view, Tellurium 
reflects an optimal mixture between simplicity and controllabilty for both the model and the 
workflow. Additionally, the modeling language antimony was specifically invented to be able to 
instanciate a model. A feature which supports building complex models in a modular manner. 

Hence, applications of modularity while implementing antimony models will be shown for specific 
scenarious in this course. The aspect of modularity will be discussed in case of technical or 
biological redundancy possibly occuring in a system. We will focus on antimony’s modular syntax 
allowing the re-usage of those redundant parts, which typically results in an overall more readable 
and lightweight model. Apart from that, a complex model may be divided into complementary sub-
models, which can range from distinct pathways down to functional place-holders. We will 
investigate how to integrate those parts and how to implement connections between modules in 
antimony. 

Overall the concept of modular modeling provides some major advantages as sub-models can be 
checked independently, exchanged for hypothesis testing or updated to include the latest advances 
of a field. The application of those tasks are motivated and illustrated in this course trying to point 
out a typical workflow in Tellurim’s environment. Situations that are incompatible with a modular 
approach are also indicated to the students. 

For this course it is useful to have a basic experience with coding in general and modeling in 
systems biology. 

IMPORTANT NOTE: Tellurium, Python and Jupyter must be installed on your laptop BEFORE the 
practical starts. Recommended is the usage Anaconda and Pip to install all three packages (works 
for Linux, Mac and Windows). If you are unfamiliar with those installation tools, please ask for help 
via mail: tom.altenburg@hu-berlin.de 
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ABSTRACTS POSTER SESSION 1 

 

Poster Session 1 - ‘Understanding Microbes 

PS1-01   Formal analysis of MMP and TGF-β loop-mediated pathogenesis in 
hepatocellular carcinoma 

Amjad Ali, Shifa Tariq Ashraf 

National University of Sciences and Technology (NUST) 

Invasion and metastasis in Hepatocellular carcinoma (HCC) have been associated with the components of the 
tumor stroma. The components include hepatic stellate cells, proteolytic enzymes and growth factors amongst 
several others. Some recent studies have associated a regulatory feedback loop between transforming growth 
factor beta (TGF-β) and matrix metalloproteinases (MMPs) with liver fibrosis and HCC via the upregulation of 
the PI3K/AKT signaling pathway. This bidirectional loop leads to HCC pathogenesis by the induction of 
epithelial-mesenchymal transition (EMT), which is a property of highly invasive and metastatic cells. In this 
study, we employed a qualitative modeling approach to explore the molecular mechanisms involved in 
stimulating the loop between TGF-β and MMPs’. Our objective was to construct a biological regulatory network 
(BRN) to get insights into the TGF-β and MMPs’ loop-mediated pathogenesis in HCC. The qualitative model 
upon simulation produces discrete trajectories, stable states and cycles highlighting the paths leading to 
disease, recovery, and homeostasis, respectively. We further verified our model with a network and 
simulations analysis using Petri nets. Our model suggests a key role of the regulatory feedback loop, which 
should be tightly regulated in order to prevent HCC. This model will serve to provide better insights into the 
dynamics of HCC tumorigenesis by adding or observing entities to elucidate the analysis and will aid future 
treatment developments. It will also aid in predicting the role of TGF-β and proteolytic enzymes (MMPs) in 
oncogenesis. 

  

PS1-02   Comparative genomics reveals the regulatory complexity of 
bifidobacterial arabinose and arabino-oligosaccharide utilization 

Aleksandr Arzamasov1, Douwe van Sinderen2, Dmitry Rodionov3 
1 Institute of Information Transmission Problems RAS, Bolshoy Karetny per. 19, build.1, Moscow 127051, 
Russian Federation 
2 APC Microbiome Institute and School of Microbiology, College Rd, University College, Cork, Ireland 
3 Sanford Burnham Prebys Medical Discovery Institute, 10901 N Torrey Pines Rd, La Jolla, CA 92037, USA 

Members of the genus Bifidobacterium are common inhabitants of the human gastrointestinal tract. Previously 
it was shown that arabino-oligosaccharides (AOS) might act as prebiotics and stimulate the bifidobacterial 
growth in the gut. However, despite the rapid accumulation of genomic data, the precise mechanisms by 
which these sugars are utilized and associated transcription control still remains unclear. In the current study, 
we used a comparative genomic approach to reconstruct arabinose and AOS utilization pathways in over 40 
bacterial species belonging to the Bifidobacteriaceae family. The results indicate that the gene repertoire 
involved in the catabolism of these sugars is highly diverse, and even phylogenetically close species may 
differ in their utilization capabilities. Using bioinformatics analysis we identified potential DNA-binding motifs 
and reconstructed putative regulons for the arabinose and AOS utilization genes in the Bifidobacteriaceae 
genomes. Six LacI-family transcriptional factors (named AbfR, AauR, AauU1, AauU2, BauR1 and BauR2) and 
a TetR-family regulator (XsaR) presumably act as local repressors for AOS utilization genes encoding various 
α- or β-L-arabinofuranosidases and predicted AOS transporters. The ROK-family regulator AraU and the LacI-
family regulator AraQ control adjacent operons encoding putative arabinose transporters and catabolic 
enzymes, respectively. However, the AraQ regulator is universally present in all Bifidobacterium species 
including those lacking the arabinose catabolic genes araBDA¸ suggesting its control of other genes. 
Comparative genomic analyses of prospective AraQ-binding sites allowed the reconstruction of AraQ regulons 
and a proposed binary repression/activation mechanism. The conserved core of reconstructed AraQ regulons 
in bifidobacteria includes araBDA, as well as genes from the central glycolytic and fermentation pathways 
(pyk, eno, gap, tkt, tal, galM, ldh). The current study expands the range of genes involved in bifidobacterial 
arabinose/AOS utilization and demonstrates considerable variations in associated metabolic pathways and 
regulons. Detailed comparative and phylogenetic analyses allowed us to hypothesize how the identified 
reconstructed regulons evolved in bifidobacteria. Our findings may help to improve phenotype prediction and 
metabolic modeling, while it may also facilitate rational development of novel prebiotics. 
This research was supported by the RSF grant № 14-14-00289. 
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PS1-03   A quantitative view of the biosphere: from the most abundant taxa 
to the most abundant proteins 

Yinon Bar-On 

PLANT & ENVIRONMENTAL SCIENCES, Weizmann Institute of Science, Herzl St 234, Rehovot 76100, Israel 

A census of the biomass on Earth is key for understanding the structure and dynamics of the biosphere. 
Similarly, at the protein level,  a census of the mass of proteins that drive global biogeochemical cycles can 
help us better understand the constraints that they experience in the wild.  Yet, a quantitative, global view of 
how the biomass of different taxa compare with each other, and which proteins are most abundant in nature is 
still lacking.We harness recent advances in global sampling techniques to assemble the overall biomass 
composition of the biosphere. We establish the first census of the biomass of all the kingdoms of life. From this 
global and quantitative view, we highlight key take-home messages, such as the overall dominance of plants, 
the composition of animal biomass and the impact of humans on plant and mammal biomass. Using this 
census of biomass, we estimate the global abundance of ubiquitous proteins throughout the kingdoms of life. 
Our survey encomapsses proteins such as Rubisco, previously suggested to be the most abundant protein in 
the biosphere, as well as proteins essential to key biological processes including protein translation, 
metabolism and the structural proteins actin, myosin and histones. We identify the key parameters that govern 
the prevalence of each protein and compare their global masses. We find, for example, that histones rival 
Rubisco in terms of mass. Finally, we also compare estimates for the mass of key proteins based on different 
methodologies and analyse possible sources for discrepancies in the estimates. 

 
PS1-04   Fungal Reference Genomic-scale Model of the Oral Mycobiome 
  

Neelu Begum, Saeed Shoaie, David Moyes, Elizabeth Witherden 

King's College London, 181 Canterbury Road, Surrey SM4 6QB, United Kingdom of Great Britain and 
Northern Ireland 

The human microbiome plays a key role in maintaining health and influencing the biomass homeostasis within 
the host. Current research highlights that an imbalance in the symbiotic relationship between the host and its 
microbiota leads to disease1,2,3. For example, oral microbiome changes have been linked with an increased 
risk of cancer3. 

Presently, high throughput data has only been used to associate several diseases to the microbiome and 
mycobiome, rather than exploring the potential role of these communities in diseases causation. This study 
undertakes an entirely different approach by going beyond associations and exploring the cause and effect of 
the mycobiome in disease and infection progression. This is done by applying the common denominator of a 
Systems Biology approach, the so-called genome-scale metabolic modelling (GEM)7. Although most of the 
focus of microbiome research has been on bacterial communities, there are clear indications of fungal 
community (Mycobiome) links to disease status.  In this study, we focus on oral fungi as they are currently 
under-studied4,5. Investigation of the oral mycobiome reservoir will provide key understanding of host-
pathogen interactions, explicitly the manifestation of disease, biomarkers for disease and potential anti-fungal 
targets. Furthermore, Hidden Markov modelling with the integration of transcription data from epithelial cells 
infected with candidalysin toxin will be applied onto epithelial GEMs  for more biological information of 
interaction during pathogenesis6. 

  

 PS1-05   Detecting regulatory enzyme-metabolite interactions in vivo 

Maren Diether, Uwe Sauer 

ETH Zürich, Auguste-Piccard-Hof 1, Zürich 8093, Switzerland 

During the last decade, experiments have revealed several regulatory metabolites that are thought to 
modulate the activity of metabolic enzymes and signaling proteins. However, methods to study the effects of 
these metabolites in vivo remain elusive. Here, we show that the cellular targets of regulatory metabolites can 
be revealed by perturbing their intracellular concentration and monitoring the dynamic response of the 
metabolome using untargeted mass spectrometry. Rapid increase of intracellular metabolite levels was 
achieved by treating yeast cells with esterified analogues of putative regulators. In total, the effect of 26 
putative regulators was characterized, revealing distinct metabolic responses in the first 15 min after 
treatment. In order to identify potentially regulated enzymes, we developed a computational approach to 
systematically rank over 350 yeast enzymes by evaluating the dynamic behavior of their substrates and 
products in all conditions. On average, the method reported 5 putative enzyme interactions per tested 
metabolite, while some metabolites where not predicted to interact at all and others participated in up to 30 
putative regulatory interactions. The set of predicted interactions also comprised several known inhibitory 
interactions in amino acid biosynthesis pathways. Currently, we are validating several of the newly 
identified regulatory interactions. 
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PS1-06   Identification of  trade-offs between growth rate and adaptation to 
new environments in Lactococcus lactis. 

Sieze Douwenga1, Filipe Branco dos Santos2, Bas Teusink1, Herwig Bachmann1 
1 Systems Bioinformatics, VU Amsterdam, De Boelelaan 1108, Amsterdam 1081 HZ, Netherlands 
2 Faculty of Science, UVA, Science Park 904, 1090GE Amsterdam, Netherlands 

The phenotypic properties of an organism are determined by cellular constraints that can be of 
physical/chemical nature, or by limitations resulting from the evolutionary history of an organism. Such 
constraints lead to trade-offs, which restrict organisms in optimizing multiple phenotypic properties 
simultaneously. In the case of environmental transitions, trade-offs can manifest themselves in an intermediate 
growth arrest. 

An example is the intermediate lag phase observed during diauxic growth on different carbon sources. The 
underlying reasons for such a lag phase can be the time needed to change the cellular composition to grow on 
the new substrate, and/or  that only a part of the population can resume growth on the second carbon source. 

We aim to understand the relation between growth rate and adaptability in Lactococcus lactis by detailed 
characterization of the growth response to environmental transitions. One focus will be the types of adaptation 
strategies (bet-hedging, proteome adaptation, or generalist strategies) used by L.lactis. We will study the 
response of L.lactis to around 100 environmental transitions, including various carbon sources and stress 
conditions. Initially we will observe the growth characteristics throughout transitions by optical density 
measurements, which will be followed by single cell analysis  using flow cytometry and/or time-laps 
microscopy. This should allow us to identify conditions where significant trade-offs occur between growth rate 
and adaptability, and to identify the adaptation strategies used by L.lactis during environmental transitions. 

 
PS1-07   Measuring cytosolic and mitochondrial pH in living cells of 
Saccharomyces cerevisiae 

Laura Raquel Guilherme Luzia, Johan H. van Heerden, Bas Teusink 

Systems Bioinformatics, Vrije University Amsterdam, De Boelenlaan, Amsterdam 1108, Netherlands 

Living organisms continuously face environmental fluctuations, either in nature or in poorly stirred large 
fermenters in biotech industry. Because cells continuously control and regulate their metabolism by adjusting 
metabolic fluxes, we need to study central metabolism outside of steady-state boundaries. In my PhD project I 
want to understand how living systems switch their metabolism to deal with nutrient shifts and dynamic oxygen 
conditions using S. cerevisiae as a model. Since transitions in nutrients can give rise to population 
heterogeneity, we aim to develop tools to study metabolism at the single-cell level. Therefore, we use GFP 
(Green Fluorescence Protein) and FRET (Förster resonance energy transfer)-based sensors to quantify key 
metabolic intermediates in short-time scale (minutes) experiments. These protein-based sensor also have the 
potential to be targeted to different yeast organelles, the mitochondria in particular. In this context, an 
important molecule to follow up is the free H+, which is involved in ATP synthesis/reduction potential and 
enzyme activity, both essential processes of the central metabolism. We first established that a ratiometric pH 
sensor (pHluorin)1, previously developed, can be used to measure cytosolic and mitochondrial pH during cell 
growth in a microtitre plate spectrofluorometer using the yeast strain CEN.PK2-1C expressing pHluorin. The 
obtained fluorescent signals were converted to pH based on an in situ calibration. Our results confirm that 
cytosolic and mitochondrial pH are constant for yeast cells during exponential growth in 2% minimal glucose 
medium, with pH of 7.3 and 7.5 respectively. Next experiments will involve pH measurements by microscopy 
under carbon sources transitions. 

 This work is financially supported by The Netherlands Organisation for Scientific Research (NWO). 

References: Smits, G, et al., (2009), Microbiology, 155, 268. 
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PS1-08   Integration of proteome data into a genome-scale metabolic model 
of a ∆glnA mutant of Enterococcus faecalis suggests different NH4 
assimilation strategies at different pH levels 

Seyed Babak Loghmani, Ruth Großeholz, Nadine Veith, Ursulla Kummer 

BIOQUANT/ COS Heidelberg, Department for Modeling of Biological Processes, Heidelberg University, 
Germany. 

Genome-scale metabolic models are stoichiometric representations of the metabolic network inside a cell 
based on genomic information. Without further information, all metabolic reactions catalyzed by enzymes 
encoded in the genome are assumed to be active. Obviously, this is not realistic, since only part of these 
enzymes will be expressed in specific cells at specific circumstances. Therefore, the integration of proteome 
data offers valuable information about the presence or absence of enzymes under context-specific 
circumstances. In this study, proteome data from a pH shift experiment were integrated into a genome-scale 
model of a ∆glnA mutant of Enterococcus faecalis V5831, using a previously published methodology2. In 
wildtype, glutamine synthase (glnA) is the main enzyme to assimilate free NH4. In the absence of glnA, the in 
silico model suggests three reactions, assimilating free NH4 at pH 7.5, namely carbamate kinase, 
cystathionine g-lyase and glutamate dehydrogenase. However, after pH shift, the first two enzymes run in 
opposite direction according to model predictions leaving only glutamate dehydrogenase to assimilate NH4 at 
pH 6.5. It might be surprising that carbamate kinase which is widely reported to produce NH4 can also act to 
assimilate NH4 at higher pH. However, a thermodynamic analysis shows that this reverse reaction is feasible 
at pH levels higher than 73. At lower pH, however, the reaction produces NH4.  This is also predicted by the 
model due to the additional constraint that - as NH4 assimilation by carbamate kinase is an energy-requiring 
reaction - the higher energy requirements in the cell at pH 6.5 (due to proton load) pushes the reaction 
towards the forward direction. 

1.Veith, N, et al., (2015), Appl. Environ. Microbiol, 81, 1622 

2.Großeholz, R, et al., (2016), npj Syst. Biol. Appl, 2, 16017  

3.Alberty, R. A, (2006), Arch. Biochem. Biophys, 451, 17 
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PS1-09   Investigation into the control of glycine concentration in the 
inhibitory synapses of the CNS.  

Elzbieta Al-Saidi1, Mark Poolman1, Isabel Bermudez-Diaz1, Yaroslav Nartsissov2 
1 Oxford Brookes University, Headington Road, Oxford OX30BP, United Kingdom of Great Britain and 
Northern Ireland 
2 Research Institute of Cytochemistry and Molecular Pharmacology, Moscow, Russia 

Glycine is an inhibitory neurotransmitter of the CNS and PNS, and is the agonist of the Cl- ion selective 
ionotropic GlyR, which is also modulated by a variety of psychoactive compounds including alcohol and 
anaesthetics. Disruption of glycine-mediated neurotransmission in the brain has been associated with a variety 
of pathologies, and modulation of glycine concentration has been proposed as a treatment for numerous 
conditions such as schizophrenia, alcohol dependency and epilepsy. Given the importance of glycinergic 
transmission to human health, the goal of this project is to identify mechanisms responsible for the control of 
glycine concentration in the CNS. 

To this end, a kinetic model of the α1β GlyR has been developed based on the single-channel analysis by 
Burzomato et al. (2004) . It consists of 11 reactions describing glycine binding and change in receptor 
conformation, and an additional 2 reactions which simulate glycine release, and the associated GlyR Cl- 
currents. 

The model has been used to reproduce time courses and amplitudes of the currents, predict the 
concentrations of glycine eliciting maximum and half-maximum receptor responses, and show the effects of 
changing the receptor number at the post-synaptic membrane on GlyR Cl- current amplitude. The model 
kinetics have also been assessed using sensitivity analysis providing insight into which parameters most 
greatly affect model output. 

Experimental data will be used to optimize the models parameteres, and the model will be extended by 
additional equations describing glycine uptake by its transporters. 

   

[1] Burzomato, V. et al. , "Single-channel behavior of heteromeric α1β glycine receptors: an attempt to detect a 
conformational change before the channel opens.", Journal of Neuroscience (2004) 

 
PS1-10   Genome scale metabolic models to rewire virulent infected 
macrophages to avirulent infected macrophages. 
  

Rajat Anand, Ankur Gupta, Abhijit Paul, Ajay Kumar, Kanury Rao, Samrat Chatterjee 

Translational Health Science and Technology Institute, NCR Biotech Science Cluster, 3rd Milestone, 
FARIDABAD 121001, India 

Background: Altered metabolism is associated with many diseases. The manual assembly of set of reactions 
and associated metabolites in a single network format (called Genome Scale Metabolic models (GSSMs)) has 
allowed to look at metabolism in normal and diseased states in a systematic way [1,2]. Several studies have 
integrated high throughput data measuring protein and metabolite levels with GSSMs to give context specific 
GSSMs such as in cancer [3] or Mycobacterium Tuberculosis (Mtb) to find drug targets [3]. Targets have been 
found inhibiting growth of the cells. 

Aim: We here aimed to find targets which rewire metabolic state of virulent Mtb infected macrophages to 
avirulent ones by making metabolic models of Mtb infected macrophages using high resolution proteomics 
data. 

Results: Altering (rewiring) single reaction in GSSMs of virulent Mtb infected macrophages does not rewire 
their metabolic state to that of avirulent ones. However, group of reactions (modules) are able to rewire and 
can act as therapeutic targets. 

Conclusion: Methodology presented here can be used as a general framework to find drug targets restoring 
diseased state to normal state. 

References: 

1] Duarte NC, Becker SA, Jamshidi N, Thiele I, Mo ML, et al. (2007), Proc Natl Acad Sci U S A, 104, 1777. 

[2] Bordbar A, Monk JM, King ZA, Palsson BO (2014), Nat Rev Genet, 15, 107. 

[3] Yizhak K, Gaude E, Le Devedec S, Waldman YY, Stein GY, et al. (2014), Elife, 3,e03641. 
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PS1-11   Control of Translation of Photosystem II in C. reinhardtii 

Maria Dost1, Jörg Nickelsen2, Daniel Neusius2, Laura Kleinknecht2, Edda Klipp1 
1 Theoretical Biophysics, Humboldt-Universität zu Berlin, Invalidenstrasse 42, Berlin 10115, Germany 
2 Molecular Plant Science, LMU Munich 

The Chloroplast is a central organelle in the plant cell when it comes to acclimation to changes in the 
environment of the cell, especially light. The chloroplast has developed several processes to quickly react to 
changes in light and nutrition. 

Chlamydomonas reinhardtii is a green, unicellular algae living in sweet waters all over the world. It can live 
either phototrophic, heterotrophic or mixotrophic and must therefore adapt quickly to changes in the 
environment. Key modulators in the chloroplast are responsible for this adaptation. 

The photosystem II in C. reinhardtii consists of two core subunits, the D1 and the D2 subunit. The translation 
of these subunits is controlled via two independent pathways, which are both linked to the metabolic 
processes within the chloroplast. The translation of D1 is linked to the synthesis of Acetyl-CoA and therefore 
also to the fatty acid synthesis, while the translation of D2 is controlled by an enzyme which uses NADPH from 
the Oxidative Pentose Phosphate Pathway. Furthermore, the translation of both subunits is controlled by a 
process known as Control by Epistasy of Synthesis (CES). This means, that the D2 subunit must be present 
for the D1 subunit to be translated, otherwise the accumulating D1 subunit blocks its own translation. 

The two main modulators here are NTRC, which controls the translation of the D2 subunit, and DLA2, which 
controls the translation of the D1 subunit. To better understand the role and activity of these two proteins, we 
want to build a kinetic model of the system which governs the translation of subunits of Photosystem II. The 
model will be an ODE model of the two pathways that control the translation and will link the metabolic 
processes in the chloroplast to the production of Photosystem II. 

 
PS1-12   Circadian regulation of splicing in colorectal cancer cell lines 

Rukeia El-Athman, Luise Fuhr, Angela Relógio 

Institute for Theoretical Biology (ITB), Charité - Universitätsmedizin Berlin and Humboldt-Universität zu Berlin, 
Invalidenstraße 43, Berlin 10115; Molekulares Krebsforschungszentrum (MKFZ), Charité - Universitätsmedizin 
Berlin, Augustenburger Platz 1, 13353 Berlin 

In most organisms, a variety of behavioural, physiological and metabolic processes undergo time-of-day-
dependent oscillations with a period of about 24 hours that are coordinated by an endogenous biological 
timing system known as the circadian clock. Cellular circadian oscillators are driven by regulatory 
transcriptional and translational networks whose molecular constituents interact via interconnected positive 
and negative feedback loops and are further fine-tuned by a number of post-transcriptional and post-
translational mechanisms. Malfunctions of the mammalian circadian system or mutations in clock genes are 
associated with various pathological phenotypes including cancer [1]. 

Accumulating evidence points to an important role of the circadian clock in the regulation of alternative splicing 
in various organisms, including mammals [2]. The pre-mRNA splicing process is catalysed by the major 
spliceosome, a large and highly dynamic ribonucleoprotein complex, and auxiliary splicing regulators. Aberrant 
pre-mRNA splicing is frequently implicated in human disease, notably in cancer. It has been shown that the 
general patterns of alternative splicing, as well as the expression of particular splicing regulators can be 
indicative of cell transformation and tumour grade [3]. 

In order to contribute to a better understanding of the role of the clock in the regulation of alternative splicing in 
a cancer progression context, we compared the circadian transcriptional profiles of two colon carcinoma cell 
lines, SW480 and SW620, that are derived from primary and secondary tumours of the same patient. We 
identified spliceosomal components and splicing regulators with circadian expression patterns and 
investigated the impact of the differential regulation of these splicing factors in terms of alternative splicing of 
their target genes. Our data points to an interplay between the circadian clock and pre-mRNA splicing with 
possible consequences in tumour progression. 

[1] Roenneberg, T., et al. (2016), Curr. Bio., 26(10): p. R432 

[2] McGlincy, N., et al. (2012), Genome Biol., 13(6): p. 1 

[3] Relógio, A., et al. (2005), J. Biol. Chem., 280(6): p. 4779 
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PS1-13   Investigation of comorbidity and therapy response using 
transcriptional signatures across chronic inflammatory diseases 

Daniela Esser, Christoph Kaleta 

Medical Systems Biology/Institute for Experimental Medicine, CAU Kiel, Michaelisstr. 5, Kiel 24105, Germany 

Chronic inflammatory diseases (CIDs) are characterized by a high rate of comorbidity and a frequent lack of 
therapy response. Understanding the molecular mechanisms underlying CID co-occurrences as well as 
predictions of drug response are of crucial importance to device more specifically tailored treatment strategies 
for patients affected by one or several CIDs. 

Using 3783 published transcriptome samples across five CIDs (chronic obstructive pulmonary disease, 
coronary artery disease, inflammatory bowel disease, periodontitis, and psoriasis), we identified a core 
inflammation signature comprising 732 genes enriched for 28 pathways and thus, dissected general causal 
from tissue-specific changes. Compared to disease-specific dysregulated genes, core inflammation genes 
were characterized by a higher average network connectivity as well as a higher proportion of genes 
associated with the immune system. Interestingly, disease distances based on expression data showed a high 
similarity to reported comorbidity rates between diseases. This demonstrates that the likelihood of 
comorbidities is reflected in the expression data even before occurrence of a second disease. 

Additionally, a drug response prediction (DRP) algorithm for CIDs based on dysregulated genes as well as 
knowledge of pathways, functional groups and protein interactions was implemented and verified with several 
studies. The approach is independent of a training set. Therefore, the method can not only be used for 
applications in personalized medicine, but also for guiding the development of novel drugs to avoid extensive 
lab experiments. Already performed in silico predictions of the transferability of 13 known drugs showed a very 
strong concordance with phase 1-3 clinical trials. 

Combining the cross-disease approach with DRP is important to identify the optimal therapy approach for 
comorbid patients and can give additional insights into gene characteristics of the most promising drug targets. 
In summary, this project is a key step towards understanding comorbidity and supporting therapy decisions as 
well as the development of novel drugs in CIDs. 

We acknowledge the support of the DFG Cluster of Excellence “Inflammation at Interfaces”. 

 
PS1-14   Analyzing Antigenic Subversion during Ebola Virus Infection 

Juan D. Estupiñán, Samuel H. Wilks, Frederik Graw 

Center for Modeling and Simulation in the Biosciences (BIOMS), BioQuant-Center, Heidelberg University, 
Heidelberg, Germany 

The recent ebola virus (EBOV) outbreak in Western Africa in 2013 underlines the need for improved 
vaccination and treatment strategies against this virus. Hereby, the Ebola surface glycoprotein (GP), a protein 
important for host cell attachment, represents a major target for the development of antibody-mediated 
vaccines and antiviral therapies. Besides the membrane-associated expression on the viral surface, infected 
cells also release related soluble forms of this protein (sGP) that are thought to act as a decoy by passively 
absorbing cross-reactive antibodies. Recent studies suggest a new process, termed "antigenic subversion", 
where sGP fulfills an even more active role by redirecting the immune response from a GP-specific antibody-
repertoire towards a cross-reactive response that mainly produces non-neutralizing antibodies. However, how 
this process could work mechanistically has not been determined so far. 

In this study, we use mathematical modeling to analyze the feasibility of the proposed immune evasion 
mechanism during EBOV infection. To this end, we developed a mathematical model based on ordinary 
differential equations that describes the activation and competition of different B cell clones in response to 
infection. Using a fixed B-cell repertoire, preliminary analyses indicate that our model is able to reproduce 
experimentally observed neutralization kinetics while the proposed subversion effects could not be found. This 
subversion mechanism would require a more dynamical change of the B-cell repertoire. Therefore, we used 
data on the antibody repertoire from a survivor of the 2014 EBOV outbreak to identify relationships between 
antibody sequences and binding affinities. Including these data in our analyses and additionally considering 
affinity maturation kinetics, our model can help to provide a better systematic understanding of the processes 
that might lead to antigenic subversion or viral control in EBOV infection. 
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PS1-15   Dynamic modeling of the MAP kinase signaling network in breast 
cancer cells and its interplay with therapeutic antibodies 

Svenja Kemmer1, Jens Timmer1, Daniel Kascheck1, Eileen Reinz2, Stefan Wiemann2 
1 Institute of Physics, University of Freiburg, Hermann-Herder-Str. 3, Freiburg im Breisgau 79104, Germany 
2 German Cancer Research Center, Im Neuenheimer Feld 280, Heidelberg 69120, Germany 

Targeted therapies have shown striking success in the treatment of cancer throughout the last years. 
However, their specific effect on the tumor seems to be varying and difficult to predict. Using an approach of 
mathematical modeling based on ordinary differential equations we are able to gain insights into the cellular 
response of breast cancer cells to the treatment with several monoclonal antibodies. 

The MAP kinase (MAPK) cascade, a major signaling module responsible for growth, represents the core of the 
developed dynamic model. The stimulation of cells with EGF is modeled by two independent parameterized 
inputs that engage at different levels of the cascade. For the calibration of the model, measurements of 
differentially phosphorylated forms of RAF, MEK and ERK, the core players of the MAPK pathway, were 
applied. In cooperation with the German Cancer Research Center, these experimental data were generated 
via reverse phase protein arrays for five breast cancer cell lines with varying receptor composition and 
abundances. Interestingly, the analysis of the phosphorylation dynamics between cell lines revealed that a 
major factor determining the response of a cell is not primarily provided by the varying composition of different 
cell surface receptors, namely the epidermal growth factor receptors, but by their total amount. 

This core model will be further extended with a mechanistic input model linking the established MAPK network 
as intra-cellular readout of EGF stimulation, to the level of cell surface receptors. Processes of receptor 
dimerization and activation strongly depend on the abundances and composition of receptors in a cell and are 
the point of application for tested drugs. Therefore, this extension of the model will raise the opportunity to use 
the receptor composition and abundances of a cell as input for the model which then predicts the response of 
the system to different drug treatments. In clinics, these receptor properties of tumor cells can be easily 
determined along with the analysis of the cancer type. Thus, dynamic modeling of signaling pathways could 
open a door for personalized medicine in cancer treatment. 

 

PS1-16   Network based approach for analysis and visualization of cell 
heterogenity and immune polarization in tumor microenvironment. 
  
Maria Kondratova, Urszula Czerwińska, Emmanuel Barillot, Inna Kuperstein, Andrei Zinovyev 

26 rue d'Ulm - 75248 Paris Cedex 05, Paris 75005, France 

Tumor microenvironment (TME) plays important and, sometimes, opposite roles in tumor evolution. We 
developed and applied new network-based approach to analyse both non-immune (cancer associated 
fibroblasts (CAF)) and immune (macrophages (Mph) and natural killers (NK)) components of this multicellular 
system. Our approach is based on reconstructing the cell-type specific networks of molecular interactions 
involved in tumor-TME interaction. 

We created cell-specific CAFs network map composed of 681 objects and 585 reactions, the first integrated 
network representing together pathways involved in fibroblast activation in cancer. The CAFs map has 
modular structure covering all main functions of CAFs in tumor among which the interactions of CAFs with 
extracellular matrix; signaling coordinating involvment of CAFs in tumor growth; interactions of fibroblasts with 
immune system. In addition, there are functional modules responsible for fibroblast activation (pro-tumor 
activity) and inhibition (anti-tumor activity) along with the metabolic functional module that includes the main 
pathways involved in metabolic reprogramming of CAFs and ROS production. 

In addition, we created meta-map of innate immune response in cancer composed of 1476 objects and 1085 
reactions. We constructed signalling maps of macrophages, dendritic cells, myeloid-derived suppressor cells, 
natural killers, neutrophils and mast cells. These cell-specific maps integrated together and updated by 
interactions and crosstalks between them and the map of tumor cell, gave rise to a seamless comprehensive 
meta-map of innate immune response in cancer, demonstrating signalling responsible for anti- and pro-tumour 
activities of innate immunity system as a whole.  

Finally, we applied these network maps for identification of molecular mechanisms regulating cell 
reprogramming in several innate immune cell types. We applied unsupervised statistical methods for 
decomposition of single cell RNASeq data for fibroblasts, natural killers and macrophages from melanoma The 
unsupervised analysis highlighted expression patterns associated with different cell sub-types. Analysis and 
interpretation of the expression patterns in the context of innate immunity network map revealed characteristic 
functional properties visualizing signalling associated with anti- and pro-tumor activity in each cell sub-type 
across fibroblasts, natural killers and macrophages populations in melanoma.  
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PS1-17   Metabolic Modelling of Human Microbiome and Multi-Omics 
Interactions  

Ceri Proffitt 

Center of host microbiome interactions , Kings College London , Guys Hospital, London SE19RT, United 
Kingdom of Great Britain and Northern Ireland 

The global health crisis is increasing and human microbiome plays a key role in this. Identification of new 
treatment for diseases such as type 2 diabetes (Qin et al. 2012), obesity and cardiovascular diseases have 
been greatly impacted by this. Using high-throughput data such as (meta) genomics and transcriptomics, 
together with developing novel bioinformatics tools, will help us to understand the association between 
microbiome and diseases. The main factors affecting the microbiome are the interactions between drug, host 
and diet. To understand this interactions and test different hypothesis on such a complex system, 
mathematical description of biochemical network could be used to decipher this. Among the different types of 
mathematical modelling, Genome-scale metabolic models (GEMs) have been shown their great predictive and 
descriptive power in complex biological system (O’Brien et al. 2015). 

GEMs are an integral part that are used for understanding genotype-phenotype relationships, through up 
taking substrates and releasing by-products. They can also be used for comparative analysis by integrating 
multi-omics data, and looking at the main metabolic differences between clinical conditions, and show the 
contribution of each species to the overall of host and microbiome metabolism. Using host and microbiome 
GEMs, this study aims to understand the interrelationship between different diseases and predict how 
metabolic changes in gut and oral cavity could influence the disease state. We will use already available 
GEMs and will reconstruct our own models. Then perform community modelling using multi-level optimization 
(Zomorrodi at al. 2017, Shoaie at al. 2015) to predict the interactions between microbe-microbe and host-
microbe, diet and drug to understand the cause and effect of microbiome and diet in human health and 
disease. 

 
PS1-18   Evaluating the Robustness of the Temporal Order of Anaphase 
Events using an Ensemble of Single Cell Models 

Uchenna Alex Anyaegbunam1, Stefan Legewie1, Silke Hauf2 
1 Modelling of Biological Networks, Institute of Molecular Biology, Mainz, Ackermannweg 4, Mainz 55128, 
Germany 
2 Faculty of Biological sciences, Virginia Tech, USA. 

Temporally ordered progression through a series of molecular events is essential for the successful 
completion of the cell cycle. Particularly, the splitting of chromosomes during anaphase needs to be 
coordinated with changes in the spindle apparatus, and with a reversal from the mitotic to the interphasic state 
[1-2]. 

Here we address the question of how cellular heterogeneities (such as cell-to-cell variation in the abundance 
of anaphase regulatory proteins like securin and cyclin B) affect the relative timing of chromosome splitting 
and mitotic exit, with the aim of predicting mechanisms of temporal robustness. 

To this end, we extended an existing cell population average model, which describes the dynamics of 
anaphase regulatory proteins [3], to an ensemble of single cell models by sampling the protein concentrations 
from a lognormal distribution. This allows us to adequately represent cell-to-cell variation. This model is then 
calibrated by fitting to single cell data of wild type and perturbed cells. 

The single cell model reproduces the experimentally observed robustness of temporal order in wild type cells. 
For certain perturbation conditions, it predicts subpopulations of cells that exhibit problems in the temporal 
coordination of anaphase events, with possible implications for genomic instability. 

These predictions could be tested by assessing cell cycle completion under novel perturbation experiments, in 
which anaphase regulatory proteins are downregulated or overexpressed. Analysis of our model together with 
single cell data will aid in determining how genomically stable and unstable subpopulations differ in their 
protein content. 

Taken together, our results provide insights into the buffering of heterogeneity that ensures genome stability. 

References: 

1.  Funabiki, H, et al., (1996), NATURE, 381, 438. 

2. Higuchi, T, et al., (2005), NATURE, 433, 171. 

3. Kamenz, J, et al, (2015), MOL CELL, 60, 446. 
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PS1-19    Computational modeling of the Hippo/YAP/TAZ pathway 

Lilija Aprupe1, Kai Breuhahn2, Ursula Kummer1 
1 Modelling of Biological Processes, University of Heidelberg, Im Neuenheimer Feld 267, Heidelberg 69115, 
Germany 
2 Institute of Pathology, University Hospital Heidelberg, Germany 

The Hippo pathway facilitates its biological function through the spatio-temporal regulation of the 
transcriptional co-activators yes-associated protein (YAP) and WW domain containing transcription regulator 1 
(WWTR1 syn. TAZ). However, due to gradual changes in the subcellular localization of YAP/TAZ, which 
depends, among other factors, on cell density, precise conclusions concerning the dynamic Hippo pathway 
behavior under physiological and pathological conditions are challenging. 

In order to shed more light on the control of Hippo signaling pathway, we utilized computational modeling 
methods to decipher how the dynamics of YAP/TAZ-translocation may affect the cellular response in cells 
grown at different cell densities.  Thus, we created a comprehensive ordinary differential equation-based 
computational model of the Hippo pathway that captures known reactions and interactions. The model was set 
up using the software COmplex PAthway SImulator (COPASI). This mathematical model sufficiently describes 
how deregulation of the MST1/2-LATS1/2-YAP/TAZ pathway causes unconstrained cell proliferation, which is 
observed, e.g. in cancer cells. 

Further modeling approaches are focusing on expanding the model and integration of experimental data into 
the model, such as, quantitative immunoblotting results of Hippo pathway components and dynamic 
localization data of YAP/TAZ derived from time-lapse microscopy. 

The integration of quantitative experimental data into computational models (followed by iterative extension of 
the generated models) can explain how the dynamic fine-tuned regulation of YAP and TAZ may control distinct 
aspects of cell biology. In addition, new testable predictions and hypothesis about the Hippo signaling axis 
under physiological and pathological conditions can be generated. 

 
PS1-20   Dynamic Modelling of Mitochondrial Metabolism 

Olufemi Ademola Bolaji, Edda Klipp 

Theoretical Biophysics Dept., Humboldt University of Berlin, Unter den Linden 6, Berlin 10099, Germany 

Mitochondria are cellular organelles that harbour complex biochemical processes ranging from ATP 
production to calcium signalling, and a purely experimental approach is insufficient to understand the intricate 
interactions of these processes. Thus, a mathematical model serves as a useful tool to: complement the 
experimental approach, reproduce the complex behaviour, as well as predict possible behaviours of these 
biochemical networks. 

In this work, we develop a mathematical model of the mitochondrial metabolic processes in the form of 
coupled ordinary differential equations. The model includes the oxidative phosphorylation (OxPhos) 
complexes, the Krebs cycle, and the metabolites reactions and transport. 

First, we improved an existing OxPhos model [1] by taking into account appropriate enzyme kinetics and 
thermodynamics, describing each complex by a separate rate equation. These equations are coupled in a 
mitochondria model context and parameterised [2] using literature data from isolated mitochondria and 
parameter adjustment of a previous OxPhos data set. Then, we coupled the OxPhos model with an adjusted 
model of metabolites transport and the Krebs cycle. 

Furthermore, using collinearity index and integer optimisation [3], we were able to reduce the parameter space 
of the coupled model, which is then re-parameterised with new and diverse experimental data. The model is 
being validated and would be used in making predictions based on the perturbations of the metabolites' 
concentrations. 

This project has received funding from the EU Horizon 2020 Research & Innovation Program under the Marie 
Skłodowska-Curie Grant Agreement #675585 

References 

1. Heiske M., et al., (2017), FEBS J, 284, 2802. 

2. Balsa-Canto E., et al., (2016), Bioinformatics, 32, 3357. 

3. Gabor A., et al., (2017), BMC Systems Biology, 11, 1. 
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PS1-21   Model-based experimental analysis reveals a metabolism-driven 
topology of cell cycle control 

Haoqi Chen, Alexandros Papagiannakis, Serdar Ozsezen, Andreas Milias-Argeitis, Matthias 
Heinemann 

Groningen Biology and biotechnology institute, University of Groningen, Nijenborg, Groningen 9747AG, 
Netherlands 

Eukaryotic cell division requires coordination of various processes such as growth, genome replication, and 
cell division. Recent research in budding yeast Saccharomyces cerevisiae suggested that metabolism is an 
autonomous oscillator that synchronizes with and gates the oscillation of the cell cycle processes, together 
forming a system of coupled and synchronized oscillators [1]. 

To enable a systematic-level understanding, we built a mathematical model based on the Kuramoto model, a 
framework composed of first-order differential equations suitable for describing synchronized oscillations [2]. 
With frequencies and phase differences data of and between each oscillator, measured by yeast microfluidics 
and fluorescent microscopy, the fitted model revealed a structure of how these oscillators interact. Specifically, 
we found that the early and late cell cycle are independently driven by metabolism. Further simulation of the 
model predicted various conditions where de-coupling happened, and thus lead to different scenarios of cell 
cycle disorders. By dynamic protein depletion experiments, we halted the mitotic exit of the cell cycle and 
observed that metabolism, cell growth, and genome replication continued to oscillate, in agreement with the 
unraveled interaction topology.With future experiments of optogenetics-induced protein translocation and gene 
expression, we will further perturb the system, to test the remaining interactions between the oscillators. 
Together, adding to the classical cyclin/cyclin-dependent kinase(CDK) control of the cell cycle [3], this work 
presents a new view on its coordination, in which metabolism plays an important role. We envision that this will 
provide new inspiration to medical research such as the study of stem cell and cancer biology.  

Reference: 

1. Papagiannakis, A., Niebel, B., Wit, E. C. & Heinemann, M. Autonomous Metabolic Oscillations Robustly 
Gate the Early and Late Cell Cycle. Mol. Cell 65, 1–11 (2016). 

2. Acebrón, Juan A., Bonilla, L. L., Pérez Vicente, Conrad J., Ritort, Félix, Spigler, Renato. The Kuramoto 
model: A simple paradigm for synchronization phenomena. Rev. Mod. Phys. 77, 137-185(2005) 

3. Coudreuse, D. & Nurse, P. Driving the cell cycle with a minimal CDK control network. Nature 468, 1074–
1079 (2010). 

 

PS1-22   Understanding fast metabolic responses to nutrient perturbations 
in E. coli 

Michiel Karrenbelt, Dimitris Christodoulou, Marieke Buffing, Uwe Sauer 

ETH, HPT D 73 Auguste-Piccard-Hof 1, Zürich 8093, Switzerland 

Enzymatic reaction rates, or fluxes, constitute the functional output of metabolism. At the core of metabolism 
lay pathways that are universal to life. This system of biochemical pathways, referred to as central carbon 
metabolism, is a hub at the intersection of catabolic and anabolic processes. Because of its central role in ATP 
generation, cofactor regeneration, amino acid, fatty acid and nitrogen base biosynthesis, it is pivotal that 
metabolic fluxes are distributed appropriately such that energy production and precursor biosynthesis are 
balanced. Thus, flux control is of the highest importance for bacteria such as Escherichia coli, if they are to 
achieve homeostasis and successfully adapt to new environments. In order to achieve this, regulatory 
circuitries have evolved that enable the cell to adopt a large variety of states on a physiological time scale.  

A recent study (Gerosa et al., 2015) has shown that transcriptional regulation (the regulation of enzyme 
abundance by transcription factors) and reactant regulation (thermodynamics) cannot explain most of the flux 
changes that are observed during the transition between two steady states. Although this and other work 
(Hackett et al., 2017; Millard et al., 2017) suggests a prominent role for allosteric regulation (the modulation of 
enzyme activity by metabolites), our current understanding has been hampered by our ability to measure fast 
dynamic responses. However, recent advances now allow us to measure metabolic responses at high 
temporal resolution with the use of quantitative metabolomics, offering us the ability to investigate the 
contribution of metabolic regulation through a combination of dynamic metabolomics and modelling.  

By exploring different regulatory topologies in silico, and comparing the likelihood of the models given the 
experimental data, we can assess the functional relevance of protein-metabolite interactions in a given 
condition in vivo. Since our approach is unbiased, in that we exhaustively search the space of single and 
pairwise allosteric interaction models, a first validation can be obtained through a comparison with those 
reported in literature. If high-ranking interactions are found that have not previously been reported, validation 
through in vitro enzyme essays will be performed, or, when available, allosteric mutants can be utilized to 
further validate the functional relevance of a specific interaction. 
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PS1-23   Engineering a lycopene producing Rhodothermus marinus strain 
grown on brown algae biomass, using a genome-scale metabolic model 

Thordis Kristjansdottir1, Steinn Guðmundsson1, Gudmundur O. Hreggvidsson2, Olafur H. 
Fridjonsson2, Emanuel Y.C. Ron3, Eva Nordberg-Karlsson3 
1 University of Iceland, Saemundargata 2, Reykjavik 101, Iceland 
2 Matis, Vinlandsleid 12, Reykjavik 113, Iceland 
3 Lund University, Lund, Sweden 

Rhodothermus marinus is a thermophilic aerobic bacterium, first isolated from a submarine hot spring in 
Iceland in 1988. R. marinus possesses many unique qualities which could make it a useful cell factory. It has 
an optimum growth temperature at 65°C and it is moderately halophilic. R. marinus produces many different 
carbohydrate degrading enzymes and can grow on number of different mono- and polysaccharides, including 
the algae polysaccharides alginate and laminarin. The bacterium produces carotenoids. 

The aim of this study is to produce lycopene in high quantities in R. marinus, growing it on sugars from brown 
algae biomass, a relatively cheap source of carbon available in a large supply. Lycopene is a high-value 
added chemical which has diverse applications in medicine, pharmacology, food and feed. A genome-scale 
metabolic model was reconstructed of the bacterium, which helped identify useful gene modifications for 
optimizing growth and metabolite production. The model was used to find heterologous pathways for 
increased carbon utilization and to identify gene modifications resulting in increased flux towards lycopene. A 
pathway for carotenoid biosynthesis in R. marinus has been proposed and the work on identifying all the 
genes in the pathway is underway. The following work will include knocking out genes encoding for enzymes 
downstream from lycopene, in the hopes of R. marinus producing lycopene instead of its native carotenoids. 

 

PS1-24   Metabolic modelling and energetic parameter estimation in the 
microalgae Acutodesmus obliquus 

David Lao-Martil1, G. Mitsue León Saiki2, Narcís Ferrer Ledo2, Dirk E. Martens2, René H. Wijffels2 
1 Biomedical Engineering, Eindhoven University of Technology, De Rondom 70, Eindhoven 5612 AP, 
Netherlands 
2 Bioprocess engineering department, Wageningen University and Research 

Flux Balance Analysis (FBA) is a mathematical approach by which the fluxes through a metabolic network can 
be predicted and analyzed, opening new possibilities to understanding metabolism. Even though metabolic 
models have been developed and applied in a wide range of organisms, for microalgae there are only a limited 
number available. One of the challenges of metabolic flux models is to obtain a well-defined biomass equation 
and the energetic requirements for growth and maintenance. In the present study, these energetic parameters 
have been estimated for a simplified core model describing the primary metabolism of the oleaginous 
microalgae Acutodesmus obliquus. 

For this purpose, a series of batch growth experiments at low light intensities were performed in flat panel 
photobioreactors. The specific photon uptake rate and the biomass composition were measured and used as 
constraints for FBA. The simulations were then carried out with a metabolic reconstruction of A. obliquus. 
From the calculated overall ATP production rate, the ATP used to support biomass growth (KX) and 
maintenance (mATP) were found as 112 mmol gX

-1 and 0.70 mmol gX
-1 h-1, respectively; values which are 

comparable to previously reported bibliography. Then, these parameters were incorporated in the model and 
new simulations of specific metabolite uptake rates at different growth rates were performed and confirmed 
with experimental data from this work. At the same time, theoretical yields of interest in microalgae growth, like 
biomass yield on photons (Yx/ph) or photosynthetic coefficient (PQ), were estimated and compared with 
bibliography. Finally, a sensitivity study to test the effect of different parameters on the estimated overall ATP 
production was carried out. This revealed that the simulations were most sensitive to the photon uptake rate, 
and not much influenced by factors such as the biomass composition. 

In this work, a metabolic model has been complemented with energetic parameters. The model is able to 
predict theoretical yields correctly, and the results have been validated with data coming from a batch growth 
experime  
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PS2-01   Rational improvment of biomass yield and stability of probiotic 
bifidobacteria - A systems biology approach 

Marie Schöpping1, Anisha Goel2, Lisbeth Olsson3, Carl Johan Franzén3, Ahmad A. Zeidan2 
1 Chr. Hansen A/S & Chalmers University of Technology, Bøge Alle 10, Hørsholm 2970, Denmark 
2 Chr. Hansen A/S 
3 Chalmers University of Technology 

Bifidobacteria are widely used as probiotics in various commercial products, owing to their well-documented 
health-promoting properties. As a global supplier of probiotic cultures, Chr. Hansen produces around 175 ton 
annually of Bifidobacterium animalis lactis BB-12®, which is the most widely used Bifidobacterium in probiotic 
applications. However, the sensitivity of serval other bifidobacterial species to various stressors may largely 
hamper their industrial-scale production and commercialization as probiotics. Despite the presence of 
numerous clinical studies demonstrating their beneficial effects to human health or tapping into the underlying 
mechanisms, the metabolic and physiological characteristics of bifidobacteria remain yet to be explored in 
greater depth. 

The main objective of this project is to generate a comprehensive systems-level understanding of the 
metabolism and physiology of selected probiotic bifidobacteria and eventually identify critical factors 
influencing their growth yield and long-term viability during storage. Our approach relies primarily on the 
integration of global phenotype measurements with constraint-based modeling. We will build strain-specific 
genome-scale models that can accurately describe the metabolic capabilities of selected bifidobacterial strains 
and help exploring their full potential under different production and application scenarios. These models 
should also provide valuable into the essential nutritional requirements of the strains and guide the rational 
optimization of their production media. Global gene expression and metabolomics data will be collected and 
integrated into the models to allow the quantitative and precise characterization of the metabolic states of the 
cells across various environmental conditions. We expect that this work will result in the identification of 
potential factors and metabolic bottlenecks influencing both growth and long-term viability of bifidobacteria and 
provide a prototype for a systems biology-guided process optimization at Chr. Hansen. 

 
PS2-02   LC/MS based lipidomics to study membrane remodeling 

Philipp Warmer, Nicola Zamboni, Uwe Sauer 

IMSB, Auguste-Piccard-Hof 1, Zurich 8093, Switzerland 

Bacteria evolved adaptive mechanisms to survive unpredictable and hostile environments. To counteract 
these challenging conditions, cells adapt their proteome and metabolome, along with their membrane 
composition. Different membrane remodeling strategies exist. For example, a change in saturation state of 
acyl chains in membrane lipids maintains membrane viscosity in response to heat stress, and an increase in 
ubiquinone membrane content counters turgor pressure upon salt stress. The interplay between these 
membrane remodeling mechanisms is scarcely understood, especially in a growth regime with limited 
resources. Here, a non-targeted, high-throughput LC/MS lipidomics method is set up for the absolute 
quantification of the main membrane lipid. With this approach, we aim at i) delineating the contribution of 
different remodeling strategies to the membrane properties and ii) unraveling novel strategies of how cells 
remodel their membrane upon environmental stress. 
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PS2-03   Genome-scale metabolism and expression model of L. lactis 

Eunice van Pelt-KleinJan1, Yu Chen2, Brett Olivier1, Douwe Molenaar1, Herwig Bachmann1, Jens 
Nielsen2, Bas Teusink1 
1 Systems Bioinformatics, Vrije Universiteit Amsterdam, De Boelelaan 1108, Amsterdam NL-1081 HZ, 
Netherlands 
2 Department of Biology and Biological Engineering, Chalmers University of Technology, Kemivägen 10, 
Göteborg SE-412 96, Sweden 

Microorganism face constraints, e.g. limited protein resources, on their adaptability to new conditions. As a 
result trade-offs can occur: one trait can only be optimized at the cost of another. Omics data and constraint-
based modeling are powerful tools for studying trade-offs and the constraints that are responsible. One 
particularly powerful way to integrate omics data and metabolic models is by using a ME (Metabolism and 
Expression) model, which is a metabolic model extended with the reactions for protein and mRNA synthesis 
and degradation. As such these models can predict the impact of cellular constraints on functionality much 
more realistically than traditional genome-scale models. We therefore started to construct such an integrated 
model of the cellular economy for Lactococcus lactis. 

As a first step, we updated the metabolic part of the ME-model. Reactions were added to the metabolic model 
based on the genome and gene protein reaction associations were improved. Next, we defined template 
reactions for the expression part. The template reactions are then combined with the metabolic part via the 
gene protein reaction associations to convert the metabolic model into a ME-model. Solving the ME-model 
gives a flux distribution that also takes into account the cost of enzyme synthesis and the limited cell volume. 
The solution space of such a model is therefore much smaller than for a typical metabolic model. The model is 
validated on the metabolic and gene expression level. For the latter enzyme concentrations are calculated 
from the relation between synthesis rate and kcat. These concentrations are then compared with published 
data and gene expression data generated in the project. 

Visualization of the different levels in the ME-model would greatly help analyzing results. We therefore 
developed an automatic visualization pipeline to generate a nice structured map of the network. Advantages of 
our visualization are the interactivity and the possibility to visualize both metabolic fluxes and expression data 
of different conditions. This way of visualization is especially useful for modeling and data integration with next 
generation models such as ME-models and will improve the understanding of occurring trade-offs in 
Lactococcus lactis. 
 

PS2-04   The role of diffusion in microbial interactions 

Rinke van Tatenhove-Pel1, Iris van Swam2, Cristian Picioreanu3, Bas Teusink1, Herwig 
Bachmann1 
1 VU Amsterdam, De Boelelaan 1085, Amsterdam 1081 HV, Netherlands 
2 NIZO food research, Kernhemseweg 2, Ede 6718 ZB, Netherlands 
3 TU Delft, Van der Maasweg 9, Delft 2629 HZ, Netherlands 

Many microbial interactions are mediated by extracellular products which are secreted by one cell and sensed 
or taken up by another. Examples include cross-feeding, quorum sensing and biochemical warfare between 
micro-organisms. Transport of the products in the extracellular space is in most cases dependent on diffusion. 
Diffusion is typically a very fast process resulting in steep concentration gradients, especially in the three-
dimensional and relatively diluted systems that are normally used to grow cells. Therefore the question arises 
what the role is of diffusion in these microbial interactions and their evolution We here analyzed the effect of 
diffusion on cross-feeding. A mathematical three-dimensional reaction-diffusion model was made in COMSOL 
and validated with experiments. In these experiments two Lactococcus lactis strains were used. The first strain 
(the “producer”) converts lactose into glucose and galactose and secretes the glucose; the second strain (the 
“consumer”) can only grow on glucose as carbon-source, which is monitored via expression of GFP. To create 
a defined spatial structure the strains were grown in 40 µm agarose beads in conditions which allowed or 
prevented glucose diffusion outside the agarose beads. The growth of the cells inside these agarose beads 
was analyzed using flow cytometry.The reaction-diffusion model and the experiments were consistent with 
each other. We demonstrate that without diffusion of glucose the interaction between the producer and 
consumer in the agarose beads is very efficient and specific: only the consumers that are co-localized with 
producers were able to grow. However, when our experimental setup allowed glucose to diffuse out of the 
agarose bead, a very steep concentration gradient around the producer cell was obtained. This results in a 
much less specific producer-consumer interaction: with diffusion no difference in growth was observed 
between consumers that were located either 10 or 100 µm away from the producer cell. Our results 
corroborate the notion that spatial structure and physical proximity are important for microbial interactions. We 
found unexpectedly short distances over which interactions can occur, which may limit interaction possibilities 
in suspension and low cell-density systems. Conversely, aggregate- or biofilm-formation is expected to boost 
the efficiency of cross-feeding and can create environments where their evolution is much more likely. 
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PS2-05   Self-assembly of nanoparticle-bacteria hybrid structures to 
modulate the pathobiology of enteric pathogens 

Dana Westmeier1, Gernot Posselt2, Sina Bartfeld3, Cecilia Vallet4, Dominic Docter1, Shirley 
Knauer4, Silja Wessler2, Roland Stauber1 
1 University Medical Center Mainz, Langenbeckstr.1, Mainz 55131, Germany 
2 University of Salzburg 
3 University of Würzburg 
4 University Duisburg-Essen 

 Enteric bacteria cause severe diseases, including gastric cancer-associated Helicobacter pylori. Their 
infection paths overlap with the oro-gastrointestinal uptake route for nanoparticles, increasingly occurring 
during environmental or consumer/medical exposure. Most studies focused on antimicrobial, metal-based 
nanoparticles engineered to interact with bacteria. By comprehensive independent analytical methods, such 
as live cell fluorescence, electron as well as atomic force microscopy and elemental analysis, we show that a 
wide array of nanoparticles (NPs) but not microparticles form complexes with H. pylori and enteric pathogens. 
NP-assembly occurred rapidly (<30 sec), was not affected by variations in temperature (4-55°C), though 
dependent on the NPs' physico-chemical characteristics. Improved binding was observed for small 
nanoparticles with negative surface charge, whereas binding was reduced by surface 'stealth' modification. 
NP-bacteria assembly did not follow the rules of colloidal electrostatics, and was strongly enhanced by the low 
pH of the gut. NP-binding affected the (patho)biological identity of both, NPs and bacteria, including the 
antimicrobial activity of silver nanoparticles, uptake into epithelial target cells or phagocytes as well as NP-
induced cell toxicity. In gastric epithelial cells and human 3D-organoid models of the stomach, NP-coating did 
not inhibit H. pylori's cellular attachment. However, even assembly of non-bactericidal silica nanoparticles 
attenuated H. pylori infection by reducing CagA phosphorylation, cytoskeletal rearrangement, and IL-8 
secretion. We demonstrate that nanoparticle binding to enteric bacteria systematically impact their 
pathobiology particularly in the stomach. Non-toxic nanoparticles may be further exploited even as potential 
protective food additives. 

 
PS2-06   Model-based optimization of MEP pathway of Arabidopsis thaliana 
for production of cis-abienol and isoprene. 

Katrina Daila Neiburga, Vitalijs Komasilovs, Agris Pentjuss, Egils Stalidzans 

Biosystems group, Latvia University of Agriculture, Liela iela 2, Jelgava LV3001, Latvia 

To utilize the potential of plants as “green factories”, new regulatory and biosynthesis pathways have to be 
introduced and correctly expressed to maximize productivity. Metabolic modeling is applied to test the 
opportunities of production of cis-abienol and isoprene in Arabidopsis thaliana as model plant. Kinetic models 
of 2-C-methylerythritol 4-phosphate (MEP) pathway with reactions towards production of 1) isoprene and 2) 
cis-abienol are developed and optimized for better yield. The model contains MEP pathway with extensions to 
production pathways of carotenoids, chlorophyll and plastoquinones that are competing for precursors with 
cis-Abienol. Optimization task is set in a way that the increase of MEP pathway flux should be utilized just by 
target product pathways while fluxes towards carotenoids, chlorophyll and plastoquinones production would 
remain close to the values of wild type plants. 

Total optimization potential (TOP) approach is applied to find minimal enzyme sets necessary to reach 
requested fraction of TOP without full combinatorial search of adjustable parameter (enzyme concentrations) 
combinations. Total enzyme activity constraint is applied to represent the limited capacity of protein building 
machinery and resources. Homeostatic constraint is applied to limit the impact of intermediate metabolite 
concentration changes on reactions outside the scope of the model. COPASI software is used for model 
development and optimization. COPASI wrapper SpaceScanner is used for automatic assessment of best 
combinations of adjustable parameters (coefficients of enzyme concentration changes) using parallel 
optimization runs of global stochastic optimization methods with automatic optimization termination in case of 
consensus or stagnation of parallel runs. In case of stagnation the optimization method is changed 
automatically. Several metabolic designs (sets of enzyme concentration changes) are proposed for 
experimental implementation. 

Key words: constraints, enzyme expression, metabolic engineering, optimization. 
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PS2-07   Charting metabolic interactions in a gut microbial consortia 

Pau Perez Escriva, Uwe Sauer 

IMSB ETH Zurich, Auguste Picard-Hof, Zurich 8093, Switzerland 

Bacterial interactions are essential to the stability and resilience of the community. The gut microbiome is an 
example of such complex consortia that has been shown to impact many facets of our life such as our 
metabolism and our immune system. While in the past decade main efforts have been taken in order to 
answer the question 'Who is there', there is still a great gap to achieve in order to answer the question 'what 
are they doing' . Here, we combine non-targeted metabolomics with in-vitro culture to unravel the metabolic 
food web of a 12 members mice microbial consortium. 
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PS2-08   Dissecting intra and extra-mitochondrial metabolic interactions by 
large-scale RNAi-metabolomics 

Petra Krznar1, Joern Soehle2, Daniel Sevin3, Tobias Fuhrer3, Andreas Kuhne3, Marc Winnefeld4, 
Nicola Zamboni1 
1 ETH Zurich, Auguste-Piccardi-Hof 1, Zurich 8093, Switzerland 
2 Beiersdorf AG, R&D, Skin Research Center, Hamburg, Germany 
3 ETH Zurich 
4 Beiersdorf AG 

Knowledge of the human genome allows reconstructing the topology of the cellular metabolic network. In 
contrast, it's not possible to infer emerging network properties such as fluxes or metabolite levels on the sole 
basis of static genomic information. Classical genome-wide association studies explore serendipitously the 
relationship between genetic variants and metabolite levels, but a comprehensive interaction network has 
remained elusive. 

Over the recent years, our lab developed a world-wide unique high-throughput metabolomics platform that 
allows to profiles hundreds of metabolites in thousands of samples per day. Building on this capacity, we set 
out to systematically chart the association between genes and metabolites for a significant large portion of the 
human genome. 

To generate a common resource, we chose to profile the metabolome changes in normal cells upon silencing 
of the genes included in the druggable genome panel2. This is a subset of about 10'000 protein-coding genes 
which are the most prominent therapeutic candidates. Almost 50% of this human genome subset are 
enzymes, hence having a direct impact on the metabolism. This resource supports systematic analysis of 
gene function, cellular regulation, and target identification. 

In our initial analysis, we have focused on the silencing of mitochondrial genes according to the MitoCarta 
panel. We have started with the enzymes and its effect on the mitochondrial (TCA cycle intermediates) and 
cellular metabolism. These initial results are only the tip of an iceberg, pointing out to the divergent landscape 
of cross-talk between human genome and metabolism. 

 
S2-09   Analysis of estrogen-induced transcription heterogeneity at the 
single-cell level 

Sofya Lipnitskaya, Stephan Baumgärtner, Christoph Fritzsch, Stefan Legewie 

Institute of Molecular Biology, Ackermannweg 4 , Mainz 55128, Germany 

BACKGROUND. Transcriptional heterogeneity has attracted great interest during the last decades, as it gives 
a rise to a pronounced gene expression diversity, leading to phenotypic variations of cells undergoing 
differentiation and proliferation processes. Intra-tumor variability is a key problem limiting the efficacy of 
personalized therapies. At present, there are no analysis methods based on single-cell gene expression data 
which reliably identify cellular subpopulations, including the drug-resistant ones. Our research is focused on 
the development of a novel clustering approach which allows to group cells according to their gene 
expression. 

METHODS. The study is conducted based on long-term (12h) live-cell imaging data characterizing mRNA 
transcription of the proliferative gene GREB-1 in response to different estrogen concentrations in MCF-7 
breast cancer cells. The computational framework for the identification of subpopulations consists of 4 steps of 
data processing: feature extraction, similarity measure calculation, dimensionality reduction, and clustering 
analysis. Statistical features extracted from time and frequency domains of raw data allow to get most relevant 
characteristics. Chebyshev distance matrices are calculated to define the degree of similarity between cells. 
Nonlinear dimensionality reduction techniques (Multidimensional scaling, Isomap) provide a comprehensive 
representation of high-dimensional data. Finally, the clustering performed using a combination of different 
algorithms (Hierarchical, Gaussian mixture model) allows to get a reliable information about numbers of 
inherent subpopulations. 

RESULTS. Benchmarking using the dataset generated by a stochastic gene expression model confirms 
algorithm’s ability to determine the optimal solution. Therefore, the proposed clustering approach for single 
gene expression data reliably distinguishes subpopulation with distinct transcriptional dynamics. It was found 
that MCF7 cells show highly variable GREB1 expression dynamics under different estrogen stimulus 
concentrations. 

CONCLUSION. The novel strategy provides a tool to investigate causes and consequences of cellular 
heterogeneity within different biological contexts. In the future, we plan to analyze whether the identified 
subpopulations differ in their microenvironment and show distinct dynamics of estrogen-dependent cell growth. 
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PS2-10   Metabolic landscape of the mammalian digestive tract 

Karin Meier, Uwe Sauer 

Institute of Molecular Systems Biology, ETH Zurich, Auguste-Piccard-Hof 1, Zurich 8093, Switzerland 

Much of our knowledge about the complex metabolic and microbial processes in the digestive tract is based 
on the analysis of fecal samples. This is particularly true for the increasingly popular microbiome studies. 
Within the intestine it is challenging to investigate which microbes occur where and what the specific nutritional 
conditions are in these niches. Here we attempt to lay a foundation for understanding intestinal metabolism. 
Using mice as a model system, we are charting the metabolome and metagenome along the entire digestive 
tract at a resolution up to three centimeters. Preliminary results using LC-TOF-MS reveal spatial pattern of 
many of the expected gut metabolites such as amino acids, short chain fatty acids and bile acids, as well as 
some sugars. By additionally using untargeted metabolome profiling with our FIA-TOF method (Fuhrer et al., 
2011) we are generating spatial pattern for about 500 ions that are annotated with relatively high confidence. 
We generate these longitudinal profiles for three types of mice: wild-type, germ-free and gnotobiotic mice 
stably colonized with a medium complexity consortium consisting of 12 bacterial species (Brugiroux et al., 
2016). These data provide a baseline for the metabolites in anatomically distinct gut regions and will be 
combined with species abundance in the different regions. This way we characterize the metabolites 
representative of the different regions and investigate the effect of the composition of the microbiota on 
intestinal metabolism. Our long-term goal is to generate hypotheses on niche-specific metabolism of individual 
species. 

 

PS2-11   Modelling the central carbon metabolism of three cancer cells using 
carbon 13 data 

Roman Rainer, Edda Klipp 

Theoretical Biophysics, Humboldt-Universität zu Berlin, Invalidenstraße 42, Berlin 10115, Germany 

Ten percent of all colon cancer cases have an activating KRAS mutation. Cases with this kind of mutation do 
not respond to the usual drug treatment. Interestingly, KRAS mutated colon cancer cells have an accumulation 
of lactate, which would be an option as treatment target. To understand the reason for the accumulation of 
lactate I am comparing a KRAS mutated colon cancer cell line with two other common colon cancer cell lines 
to investigate the following question: 

Can the difference of the central carbon metabolism in the three different colon cancer cell lines be understood 
only by changes of enzyme concentrations? 

To answer this question, my project is about building a kinetic model of the central carbon metabolism for the 
three colon cancer cell lines. The comparison of the three models and exchanging the enzyme concentrations 
inbetween models will give a clue about the extent of the effect of the enzyme concentrations alone. 
Obviously, the identifiability of the parameter in each model affects majorly the outcome of this project, 
therefore it has priority. 

To achieve these goals I use flux data, metabolomics data, carbon 13 metabolomics data, and proteomics 
data. The flux and metabolomics data give constraints to my kinetics, whereas the carbon 13 metabolomics 
data, which shows the change of carbon 12 to carbon 13 metabolites and therefore the dynamics of 
metabolites over time, defines the kinetics. 

Finally, either three separate models or one combined model will be analyzed to see the differences in their 
behavior, and how the differences in behavior arise. The model is then used to suggest the best targets to 
influence the accumulation of metabolites. 
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PS2-12   Functional alignment of genome-scale metabolic networks predicts 
phenotypic evolution rates 

Charlotte Ramon, Joerg Stelling 

ETH Zurich, Universitätstrasse 19, Zürich 8092, Switzerland 

Understanding the fundamental principles governing the evolution rate of proteins has been a major concern 
for the past 50 years. Most research that addresses this problem uses nucleotide sequences to derive the 
evolutionary properties of proteins, where it is assumed that each protein operates in isolation from the rest of 
the organism. In contrast, only few studies tried to approach evolution using a systems biology view on protein 
function by investigating the phenotypic properties of an organism. Knowing how phenotypic properties evolve 
along time would help understanding the principles governing natural selection. However, current methods for 
computing metabolic phenotypic similarities between pairs of microorganisms focus on indirect aspects, such 
as similarities in the carbon sources needed for growth or gene essentiality similarities. The major 
disadvantage of this approach is that it prevents deriving whether different parts of the network evolve at 
different rates. 

Here, we develop a framework for functional metabolic alignment to derive the phenotypic distance for each 
biochemical reaction between two metabolic networks. Each metabolic network is characterized by its 
perturbation profile using structural sensitivity analysis; one sensitivity or phenotypic distance represents the 
perturbation profile distance between two reactions in each of the two organisms. The alignment then provides 
a one-to-one mapping between reactions in the two networks, as well as the assigned sensitivity distance for 
each mapping. We studied the phenotypic evolution rate of 321 bacterial genome-scale metabolic models 
using 51’360 pairwise alignments. As previously observed, global sensitivity distance or phenotypic distance 
increase quickly at small genetic distances and saturate slowly at longer genetic distances. Also, sensitivity 
distances for unique reactions linearly decrease with their usage in the bacterial species. After correcting for 
this effect, the average evolution rate for the different metabolic functions and their evolution along time were 
observed to differ depending on the metabolic functions. For example, we could confirm that oxidative 
phosphorylation tends to evolve more slowly than other metabolic functions. We expect this novel approach to 
bring new insights into evolutionary adaptation. Regulation of metabolic networks could be studied in follow-up 
methods to increase the coverage of the approach. 

 

PS2-13   Study of control of protein abundance using multi-omics data from 
cancer samples 

Abel Sousa1, Carla Oliveira2, Pedro G. Ferreira2, Pedro Beltrão1 
1 The European Bioinformatics Institute (EMBL-EBI), Wellcome Trust Genome Campus, Cambridge CB10 
1SD, United Kingdom of Great Britain and Northern Ireland 
2 i3S – Institute for Research and Innovation in Health, University of Porto, 4200-135 Porto, Portugal 

In the last few years, an increasing number of samples from cancer patients or from human cell lines, 
representative of different cancer types, have been profiled with different omics technologies, including mRNA 
and protein expression. These projects are starting to describe how genomic alterations affect the cancer 
proteome and drive phenotypic characteristics (Zhang, B, et al., (2014), Nature, 513, 382). A limited 
correlation between the mRNA and the protein abundance has been found, suggesting the existence of post-
transcriptional regulation of protein levels (Liu, Y, et al., (2016), Cell, 165, 535). In a recent study from our 
group, it was shown that 23-33% of genes have copy number variations (CNVs) that are attenuated at the 
protein expression level, likely due to the degradation of protein complex subunits when unbound from the 
complex (Gonçalves, E, et al., (2017), Cell Systems, 5, 386). Some proteins appear to act as rate-limiting 
members of complex assembly, indirectly controlling the abundance of their interaction partners. However, this 
study used only cancer patient data and was focused on a limited set of curated protein complexes. We are 
expanding on our previous work using a larger set of samples for cancer genomics, transcriptomics and 
proteomics datasets to understand the influence of genetic variations on protein abundance. In this expanded 
analysis we have discovered over 300 pairs whereby copy number changes of a protein indirectly controls the 
protein abundance of an interaction partner. As there is a notable difference between protein-complex 
members, concerning the capability of regulating the protein-complex abundance, we are studying the 
structural differences between controlling and controlled protein-complex subunits. Further, we hypothesize 
that there are other genetic events that may cause perturbations on protein networks, and therefore we are 
studying the impact of expression quantitative trait loci (eQTLs) on protein complex stability and abundance. 
Finally, we are studying collateral vulnerabilities in specific cancer types caused by patterns of protein-
complex differential expression Altogether, we expect that this study will shed light on how cancer genetic 
variability impacts on protein abundances and specific vulnerabilities resulting from the perturbation of protein 
post-transcriptional regulation. 
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PS2-14   Harnessing an effective antiviral response targeting hepatitis B virus 

Melissa Teusel1, Marcus Rosenblatt2, Katharina Robichon1, Frédérique Kok1, Thomas Tu3, Mila 
Leuthold3, Joschka Willemsen1, Marco Binder1, Stephan Urban3, Jens Timmer2 
1 Systems Biology of Signal Transduction, German Cancer Research Center (DKFZ), Im Neuenheimer Feld 
280, Heidelberg 69120, Germany 
2 Institute of Physics, University of Freiburg, Hermann-Herder Str. 3, Freiburg 79104, Germany 
3 Department of Infectious Diseases, University Hospital Heidelberg, Im Neuenheimer Feld 672, Heidelberg 
69120, Germany 

Hepatitis B virus (HBV) infections are a major health burden with around 240 million chronically infected 
people worldwide. Affected patients are at high risk of developing severe liver disease including hepatocellular 
carcinoma. There is an effective vaccine, but currently available drugs are unable to cure chronically infected 
patients as the virus persists in the cell and can therefore be reactivated. As the outcome of an infection is 
determined by highly dynamic interrelations of the viral infection cycle and host-cell responses, a systems 
biology approach is necessary to identify possible targets for intervention.In order to develop a mathematical 
model of the HBV infection cycle, the abundance of core-protein was measured over time by quantitative 
immunoblotting and an assay to measure all the three isoforms of the envelope protein was established. 
Additionally, a targeted mass spectrometric approach is developed to allow sensitive detection and 
quantification of the viral proteins.To link the dynamics of the HBV infection to the interferon-α (IFNα) mediated 
host-cell-response, a previously established mathematical model of the IFNα signal transduction pathway in 
Huh 7.5 cells was adapted to HepG2-hNTCP cells, which serve as a suitable cellular system to study HBV 
infection. In a first step, absolute numbers of molecules per cell of the key components of the IFNα-signaling 
pathway were determined and used as starting conditions for the mathematical model. Second, IFNα-induced 
changes in phosphorylation and total amounts of the key proteins were detected by immunoblotting. With the 
generated data it was possible to successfully adapt the mathematical model of the IFNα signal transduction 
pathway to HepG2-hNTCP cells. The results showed that although the components of IFNα signal 
transduction are less abundant in HepG2-hNTCP cells compared to Huh 7.5 cells, the overall dynamic 
behavior of the signaling pathway was very comparable. As the amount of receptor on the cell surface is 
expected to play a major role in the entire signaling process, the existing model will be expanded by 
incorporating data on the receptor-ligand interaction.The aim of this project is to combine both processes in an 
integrative mathematical model to identify mechanisms that set the threshold for acute versus persistent 
infection with the long-term goal to decipher novel strategies towards curing chronic HBV infection. 

 

PS2-15   Kinetic model of metformin pharmacodynamics 

Dārta Maija Zaķe1, Linda Zaharenko2, Egils Stalidzāns3, Jānis Kļoviņš2 
1 Faculty of Biology, University of Latvia, Jelgavas iela 1, LV 1004, Riga, Latvia 
2 Latvian Biomedical Research and Study Centre, Ratsupites iela 1, LV1067, Riga, Latvia 
3 Institute of Microbiology and Biotechnology, University of Latvia, Jelgavas iela 1, LV 1004, Riga, Latvia 

Metformin is a widely prescribed first line therapy drug for type II diabetes mellitus. The absorption and 
distribution of metformin is dose-dependent and involves an active saturable uptake process. As a cation at 
physiological levels its pharmacokinetic behavior is largely dictated by the influence of transporters and 
physiological parameters. 

It is important to clarify the distribution of metformin over human tissues in time to assess the effect of 
particular doses and kinds of administration (peroral, intravenous) to assess effects of disruption of metformin 
transport in particular individuals. 

A kinetic model of metformin distribution in small intestine, small intestine wall, erythrocytes, liver, kidney, 
urine, periphery, plasma and pre-urine is developed. The model consists of a system of ordinary differential 
equations (ODE). Michaelis-Menten type of equations are used for description of active transport dynamics 
while other transport reactions are described by several types of diffusion equations. There are 22 transport 
processes (defined in the model as reactions) in the model. 

The model validation is performed using experimental results of peroral and intravenous administration. 

COPASI software is used for model development and parameter estimation. COPASI wrapper SpaceScanner 
is used to find minimal sets of adjustable parameters to fit the model behavior to the results of different 
experiments. Automatic assessment of best combinations of adjustable parameters (values of unknown 
parameters) using parallel parameter estimation runs of global stochastic optimization methods with automatic 
optimization termination in case of consensus or stagnation of parallel runs. In case of stagnation the 
optimization method is changed automatically. 

Preliminary results demonstrate the importance of different types of diffusion of metformin between plasma 
and tissues. The parameters of highest throughput pathway from lumen to urine are well constrained by the 
experimental results.  
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PS2-16   Directed Evolution and Metabolic Engineering of E. coli towards 
Autotrophic Growth 

Shmuel Gleizer1, Roee Ben-Nissan1, Niv Antonovsky2, Yinon Bar-On1, Elad Noor3, Arren Bar-
Even4, Ron Milo1 
1 Plant and Environmental Sciences, Weizmann Institute of Science, Herzl 234, Rehovot 7610001, Israel 
2 The Rockefeller University, NYC, NY, USA 
3 ETH Zurich 
4 Max Planck Institute of Molecular Plant Physiology, Potsdam-Golm 

Our recent work demonstrated the capability to integrate a fully functional carbon fixation cycle into the 
heterotrophic model organism E. coli[1]. This achievement, which was implemented by a combination of 
rational metabolic rewiring, recombinant protein expression and laboratory evolution, has led to the 
biosynthesis of major biomass constituents by a fully functional Calvin-Benson-Bassham (CBB) cycle in the 
originally heterotrophic bacteria. Our E. coli strains use reducing power and energy by oxidizing a supplied 
organic compound (pyruvate). However, pyruvate also serves as the carbon source for the biosynthesis of 
most of the cellular building blocks, such as amino acids and lipids (≈ 2/3 of total cellular carbon), leaving us 
with only 1/3 of the biomass obtained via carbon fixation. 

With the aim of evolving E. coli to complete autotrophy, we set out to test additional metabolic configurations 
for the evolution of hemi- and fully autotrophic growth. We used a computational framework based on flux 
balance analysis to come up with promising metabolic configurations. These configurations include 
combinations of gene knockouts, knock-ins and specific carbon sources which altogether ensure coupling 
between CBB flux and biomass accumulation (growth), with certain biomass precursors produced only from 
inorganic carbon. So far we’ve already evolved and isolated clones which grow on acetate and CO2 without a 
glyoxylate shunt. Acetate serves as their source for reducing power, ATP and acetyl-CoA while CO2 is their 
primary source of carbon for most biomass building blocks. We use 13C-tracer experiments combined with 
metabolomics to validate the fluxes in our strains. Furthermore we now work to implement a fully autotrophic 
E.coli where energy supply is completely decoupled from organic carbon flow in central metabolism by co-
expressing CBB enzymes along with an NAD+ dependent formate dehydrogenase and supply of formate as 
the energy source. Initial results already show that the later enzyme is active in our rewired E. coli strains. 

This work can lead the way to generation of E. coli strains applicable for sustainable production of 
biochemicals as well as to a malleable biological platform to study and improve carbon fixation pathways. 

[1] Antonovsky, N., Gleizer, S. et al. (2016) Cell 
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PS2-17   Analyzing intestinal organoids in a multi-omics, systems biology 
framework to investigate gut health and host-microbe interactions 

Lejla Gul1, Isabelle Hautefort1, Agatha Treveil2, Emily Jones2, Devina Divekar3, Padhmanand 
Sudhakar2, Tomasz Wrzesinski1, Sophie Stephenson1, Zoe Matthews3, Jasmine Buck3, Matthew 
Jefferson3, Stuart Armstrong4, Wilfried Haerty1, Tom Wileman3, Tamas Korcsmaros2 
1 Earlham Institute, Norwich Research Park Innovation Centre, Colney Ln, Norwich NR4 7UZ, United Kingdom 
of Great Britain and Northern Ireland 
2 Earlham Institute, Norwich Research Park Innovation Centre, Colney Ln, Norwich NR4 7UZ, UK; Quadram 
Institute, Norwich Research Park Innovation Centre, Colney Ln, Norwich NR4 7UA, UK 
3 Norwich Medical School, University of East Anglia, NR4 7TJ Norwich, UK 
4 National Institute of Health Research, University of Liverpool, 8 West Derby Street, L69 7BE Liverpool, UK 

Intestinal organoid cultures have become very useful three-dimensional (3D) in vitro tissue and cell-type 
specific models that can recapitulate many features of the in vivo intestinal tissue and can be co-cultured with 
various microbes (commensals, pathogens, probiotics) or other cell types in a controlled environment. These 
unique models have been applied to studying many pathological disorders, such as inflammatory bowel 
disease, infection and cancer. In addition, organoid cultures can be derived from human samples such as 
clinical endoscopic biopsies as well as various murine disease models, thus making them favorable models for 
translational purposes. We have developed and used mice derived 3D and 2D organoid cultures to investigate 
regulatory networks controlling host cellular pathways such as autophagy, which is an instrumental pathway in 
intestinal homeostasis and is often dramatically dysregulated in inflammatory pathologies.  

To infer various cell-type specific signatures, we have put together an integrated systems biological multi-
omics pipeline to analyze the gene expression datasets generated from different intestinal epithelial organoid 
types and integrate them into multi-layered networks. As a pilot project, we performed NGS analysis on 
differentiated organoids (Paneth, goblet and stem cells) to identify the differentially expressed mRNAs, 
miRNAs and long non-coding RNAs (lncRNAs). The unified pipeline enables us to measure and analyze 
different types of molecular components from the same organoid-derived samples. Once established, 
organoids can also be cryopreserved, expanded, and applied to high-throughput screening assays thus 
making the approach scalable. Using organoids derived from normal mice or mice deficient in the autophagy-
related protein Atg16L1 (Crohn’s disease model), and a combination of proteomics and network biology 
approaches, we identified key cellular processes (such as vesicular transport and apoptosis) potentially 
affected in Crohn’s disease.We are currently using organoid models to identify host cellular processes that are 
altered upon microbial challenge to identify overlapping regulatory alterations of epithelial homeostasis 
observed in the autophagy-deficient organoid models. Such iterative experimental and computational 
approaches are proving extremely powerful in deciphering the mechanisms that regulate epithelial barrier 
functions and that can be affected by autophagy upon microbial challenges. 
 

PS2-18   Improved acetoin production with Lactococcus lactis IL1403 ldhA 
knockout using adaptive evolution 

Henri Ingelman1, Anna Kattel1, Taaniel Jakobson1, Ranno Nahku2, Raivo Vilu1 
1 School of Science, Tallinn University of Technology, Ehitajate tee 5, Tallinn 19086 , Estonia 
2 Center of Food and Fermentation Technologies, Akadeemia tee 15A, Tallinn 

The aim of this work was to enhance Lactococcus lactis IL1403 ∆ldhA acetoin prodution in a small-scale 
bioreactor using adaptive evolution. For that, serial batch cultivations in aerobic flasks were carried out, where 
acetoin stress was used as a selection pressure. Acetoin concentration in feed (2 g/l glucose and 2 g/l yeast 
extract + acetoin) was raised stepwise from starting concentration of 234 mmol (maximum that the starting 
strain tolerated) to 624 mmol in 27 cycles. Additionally, every third cycle was carried out in the same media 
that was used in the bioreactor experiments (50 g/l glucose and 50 g/l yeast extract, 0 mmol acetoin) to 
improve growth in this media. 

Several mutants were isolated and screened in terms of acetoin tolerance and growth speed in bioreactor 
feed. Based on these results, two isolates (ACE1 and ACE2) were compared to the starting strain in pH-
controlled aerobic fed-batch fermentations in small-scale (300 ml starting volume) laboratory bioreactors. For 
fed-batch phase, 42.9% glucose solution was used. ACE1 and ACE2 showed superior performance compared 
to starting strain as follows: (1) maximum specific growth rates were 10 % and 25.8 %  higher (0.79/h and 
0.91/h compared to 0.72/h of the starting strain); (2) acetoin production and productivity were 24 % and 31.4 
%  higher – final titer of acetoin for ACE1 was 91 g/l with a productivity of 0.88 g/l·h and ACE2 had a final 
acetoin titer of 96.5 g/l with a productivity of 0.93 g/l·h after 104 hours of fermentation (starting strain final 
acetoin titer - 73.4 g/l, productivity – 0.71 g/l·h). These results indicate that this kind of adaptive evolution 
scheme combined with aerobic cultivation conditions can make Lactococcus lactis IL1403 ∆ldhA a very high 
potential strain for producing acetoin biotechnologically. 
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PS2-19   FAIRDOM: data and model management for systems biology 
projects  

Olga Krebs1, Katy Wolstencroft2, Stuart Owen3, Martin Golebiewski4, Natalie Stanford3, Hadas 
Leonov4, Finn Bacall3, Alan R. Williams3, Jacky L. Snoep5, Wolfgang Mueller4, Bernd Rinn6, Carole 
Goble3 
1 SDBV, Heidelberg Institute for Theoretical Studies, Schloß-Wolfsbrunnenweg 35, Heidelberg 69118, 
Germany 
2 Leiden Institute of Advanced Computer Science,Leiden, NL 
3 School of Computer Science, University of Manchester,UK 
4 Heidelberg Institute for Theoretical Studies, Germany 
5 University of Stellenbosch, South Africa 
6 ETH Zurich, Swiss 

Systems Biologists need a data management infrastructure that enables collaborating researchers to share 
and exchange information and data as and when it is produced, throughout the entire iterative cycle of 
experimentation and modelling. Experimental results inform mathematical model design and refinement, and 
modeling simulations direct further laboratory experiments. The interlinking of the experimental data, standard 
operating procedures (SOPs) and models is essential for interpreting and understanding results.  The 
FAIRDOMHub (https://fairdomhub.org/) is a repository for storing and sharing data, models, protocols and 
publications relating to systems biology research projects. A scientist may register their assets, either through 
a direct upload, or through a weblink held in public databases. SEEK supports versioning of all assets in order 
to retain the history and lifecycle of the assets. The Investigation, Studies, Assay (ISA) framework is used so 
that registered assets can be interlinked to provide descriptions, scientific context, relationships between 
assets, and provide clear credit to the scientists and projects involved in the creation of the assets.   

The FAIRDOM project  as a joint action between ERA-Net ERASysAPP (https://www.erasysapp.eu/), an EU-
wide consortium of applied systems biology, the European Research Infrastructure and Infrastructure for 
Systems Biology in Europe (ISBE) (http://project.isbe.eu/). It builds on and combines the tools, services and 
expertise of the earlier SysMO-DB and Sybit data management projects that includes the SEEK platform and 
openBIS. 

  

  

PS2-20   Metabolic engineering aided by computer-guided enzyme 
engineering for the optimization of cell factories 

Joana Oliveira1, Diana Lousa2, Cláudio M. Soares2, Isabel Rocha1 
1 Centre of Biological Engineering, University of Minho, Campus de Gualtar, BRAGA 4710-057, Portugal 
2 ITQB - Instituto de Tecnologia Química e Biológica António Xavier, Avenida da República, 2780-157, Oeiras, 
Portugal 

The development of biofuels from renewable resources has gained much interest due to the increase of 
worldwide energy consumption and environmental concerns. Alcohols, short and long-chain, can be produced 
through biological routes and present the required characteristics to substitute the petroleum-based 
fuels.  One of the most important steps in alcohol pathway is the reversible conversion of aldehydes and 
ketones into corresponding primary and secondary alcohols. This reaction is catalyzed by alcohol/aldehyde 
dehydrogenases (ADH) which can be divided in different classes considering the cofactor specificity and metal 
activation. The medium-chain ADH NAD(P)-dependent class (MDR) are zinc-dependent and have between 
300 and 400 residues per chain. ThThe production at high rate of alcohols by microorganisms is still a 
challenge, mainly due to low expression levels of ADHs and its reduced affinity for the substrate. 
Conformational changes and flexibility are invoked as being critical parameters that influence enzymatic 
activity and explain the fluctuation in substrate affinity and catalytic efficiency (1). 

The main goal of this work was to characterize the determinants of ADH substrate affinity. Towards this end 
we used a combination of molecular modelling and systems biology approaches. Using this strategy, we were 
able to find some of the features that are common among all ADHs, such as the residues which interact with 
catalytic and structural zinc ions, as well as the residues present in coenzyme binding site and, consequently 
identify patterns that distinguish ADH with different substrate affinities. 

The findings of these analyses pave the way for a detailed characterization of the features that control ADH 
substrate specificity, which is crucial for the rational development of enzymes with added economic value.  

  

(1) Chen F, Wang P, An Y, Huang J, Xu Y. Structural insight into the conformational change of alcohol 
dehydrogenase from Arabidopsis thaliana L. during coenzyme binding. Biochimie. 2015;108:33–9. 
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PS2-21   Dynamics of synthetic mammalian transcription factors and 
promoter architecture of their target genes: effects on gene expression 

Enoch Boasiako Antwi, Barbara Di Ventura 

BIOSS: Centre for Biological Signalling Studies, Freiburg University, Schänzlestr. 1, Freiburg 79104, Germany 

Activation of gene expression by transcription factors (TFs) is regulated at different levels including the 
abundance and nuclear import of the TFs, as well as accessibility of the gene targets and how strong the TFs 
bind to their consensus sequences. It has been shown that the dynamics of the nuclear accumulation of some 
TFs with multiple targets carry varying levels of information that can be decoded by promoters based on their 
architecture and eventually determining whether or not that target is expressed. The term “promoter 
architecture” is used here to indicate information such as number of TF binding sites and distance of these 
binding sites from the transcription start site. Using yeast as model organism it has been suggested that key 
features of the promoter dictate for instance the threshold for the TF abundance needed to induce the 
expression of the downstream gene driven by that promoter. 

Our goal is to test and verify the role played by different features in a promoter in the activation of the 
downstream target gene and to determine how they affect the ability of the promoter to decode information 
encoded in TF dynamics. We do this by engineering synthetic transcription factors that can be imported in the 
nucleus by blue light using the light-inducible nuclear import tool developed in our group called LINuS. The TF 
fused to LINuS is used to induce the transcription of synthetic reporters that have different combinations of 
regulatory elements in their promoter regions. 

Interestingly, we observed that the expression of one reporter construct is activated when the nuclear TF 
levels are constant over time and not when they are pulsatile. Nonetheless very fast pulsatile nuclear 
accumulation of TF induce expression of reporter similar to constant nuclear accumulation. Amplitude of TF in 
the nucleus is also proportional to the expression levels of the reporter. At the moment, we are constructing 
and testing reporters with different promoter architectures to assess the contribution of individual elements in 
decoding the information coded in transcription factor dynamics. 

 

PS2-22   Data-driven design of cell factories and communities 

Moritz E. Beber, Danny Dannaher, Mátyás Fodor, Svetlana Galkina, Ali Kaafarani, Henning 
Redestig, Nikolaus Sonnenschein, Markus J. Herrgård, DD-DeCaF Partners 

Novo Nordisk Foundation Center for Biosustainability, Technical University of Denmark, Kemitorvet, Kgs. 
Lyngby 2800, Denmark 

With ultra-precise genome editing tools at our disposal, we will see a transformation of the life sciences. We 
will shift away from experiments manipulating one factor at a time towards simultaneous changes at multiple 
loci. The success of those increasingly complex experiments will crucially depend on our ability to accurately 
predict system’s level behavior and will often require non-intuitive designs. 

In principle, integrating omics data with systems biology models provides the means for optimizing knowledge 
gain through rational target selection and experimental design. This combination of methods is not leveraged 
effectively, however, due to a lack of readily available tools that allow us to rapidly access and analyze public 
and private data. 

With this project, we aim to make a broad spectrum of omics data useful for biotechnology and life science 
research by integrating systems biology with design in a one-stop source. Our platform will serve a variety of 
application areas, ranging from industrial biotechnology to agriculture, and human health. All research efforts 
will be integrated in an interactive, web-based platform available to both industrial and academic research. A 
first iteration of the platform is already available at http://dd-decaf.eu.  
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PS2-23   Microbial resource management to increase biogas reactor process 
stability using a combined experimental and computational approach  

Fabian Bonk1, Robin Goldmann1, Eric Witt1, Heike Sträuber1, Sabine Kleinsteuber1, Sören 
Weinrich2 
1 Environmental Microbiology, Helmholtz Centre for Environmental Research GmbH - UFZ, 
Reichpietschstrasse 3, Leipzig 04317, Germany 
2 Deutsches Biomasseforschungszentrum, gGmbH, 04347 Leipzig, Germany 

Organic overloads are a common challenge for anaerobic digesters. They occur accidentally, but also 
intentionally, for example during peak demand in a demand driven biogas production scheme.  Some 
microorganisms are more resistant than others against disturbances during organic overloads like for example 
volatile fatty acid (VFA) accumulation. The goal of this study was to test whether a microbial community 
composition can be actively steered towards a potentially more resistant one, focusing on acetoclastic 
methanogens. Methanosaetaceae can dominate over Methanosarcinaceae at low acetate concentrations that 
are likely to occur during continuous feeding and the absence of disturbances, nutrient limitation and inhibitors 
(e.g. ammonia or hydrogen sulfide). On the other hand, a community containing both Methanosaetaceae and 
Methanosarcinaceae is potentially more resistant against organic overloads, because the latter is more 
resistant against high VFA concentrations. Here, we used periodic overloads to provide temporally alternating 
niches for both these methanogens. The performances and methanogenic communities of lab-scale anaerobic 
digesters with three different feeding regimes, i.e. daily feeding, continuous feeding, and a pulse feeding 
followed by continuous feeding, were compared. The substrate contained a mixture of VFAs as carbon source 
(45% acetate, 45% butyrate, 10% propionate based on COD in a mineral medium), and reactors were 
operated at 37°C, a HRT of 8 days and two different OLRs (1.55 and 4.65 gCOD L-1 d-1). Bacteria were 
analysed using amplicon sequencing of the 16S rRNA genes. Methanogens were analyzed using terminal 
restriction fragment length polymorphism of mcrA amplicons based on genomic DNA and mRNA. Periodic 
overloads lead to the intended co-existence of both Methanosarcinaceae and Methanosaetaceae, but only in 
the experiment with the higher OLR. To follow the dynamics of both Methanosarcinaceae and 
Methanosaetaceae under the chosen experimental conditions, and beyond, the single population of 
acetoclastic methanogens in the Anaerobic Digestion Model 1 (ADM1) was replaced by two populations with 
differing niche preferences based on literature values on growth kinetics of Methanosarcinaceae and 
Methanosaetaceae. 
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PS2-24   How microbes see in space: phenotypic memory gives access to 
spatial information in bacterial chemotaxis 

Adam Gosztolai, Jose A. Carrillo, Mauricio Barahona 

Imperial College London, 180 Queens Gate, London SW7 4AG, United Kingdom of Great Britain and Northern 
Ireland 

Phenotypic memory, or history-dependent cellular response to transient stimuli, is a fundamental characteristic 
of biochemical circuits controlling the chemotaxis of bacteria. Thus, understanding the interplay between 
phenotypic memory and the chemoattractant changes sensed by the swimming cell is essential to predict the 
ecological consequences of intracellular dynamics. We study this conundrum on multiple scales using the 
Escherichia coli model system by linking an agent-based model, involving the mechanistic interactions of the 
chemotaxis pathway, and continuum-scale models of the cell population dynamics. Classical studies suggest 
that the chemotaxis pathway resolves local chemoattractant gradients to guide cells to ’greener pastures’, 
known as gradient-sensing. We show that, while predicting the swimming dynamics in static environments, the 
predictions of gradient-sensing break down in the presence of environmental fluctuations - most profoundly 
when the timescale of perceived fluctuations is comparable to the timescale of the memory. Our analysis 
reveals that this discrepancy is not only the result of molecular noise filtering but also by the chemotaxis 
pathway processing spatial correlations. To capture this behaviour, we formulate a novel mathematical model 
of chemotaxis, in the framework of optimal control theory. Our model extends gradient-sensing by allowing the 
chemotaxis behaviour to depend on environmental correlations, in addition to local gradients, as a function of 
the memory length. We use the model to accurately predict the population dynamics of chemotactic bacteria in 
fluctuating environments, thus rationalising why the gradient-sensing model under-predicted the chemotaxis 
performance observed in several earlier experiments. Our results extend several earlier studies and offer 
insight how phenotypic memory can provide an ecological advantage in heterogeneous chemoattractant 
landscapes. 

 

PS2-25   Salicylic acid perturbs sRNA-gibberellin regulatory network in 
immune response of potato to Potato virus Y infection 

Maja Križnik1, Marko Petek1, David Dobnik1, Živa Ramšak1, Špela Baebler1, Stephan Pollmann2, 
Jan Kreuze3, Jana Žel1, Kristina Gruden1 
1 Department of Biotechnology and Systems Biology, National Insitute of Biology, Večna pot 111, Ljubljana 
1000, Slovenia 
2 Centro de Biotecnología y Genómica de Plantas, Universidad Politécnica de Madrid UPM - Instituto Nacional 
de Investigación y Tecnología Agraria y Alimentaria, Madrid, Spain 
3 Global Program of Integrated Crop and Systems Research, International Potato Center (CIP), Lima, Peru 

Potato virus Y is the most economically important potato viral pathogen. We aimed at unraveling the roles of 
small RNAs (sRNAs) in the complex immune signaling network controlling the establishment of tolerant 
response of potato cv. Désirée to the virus. We constructed a sRNA regulatory network connecting sRNAs 
and their targets to link sRNA level responses to physiological processes. We discovered an interesting novel 
sRNAs-gibberellin regulatory circuit being activated as early as 3 days post inoculation before viral 
multiplication can be detected. Two endogenous sRNAs, miR167 and phasiRNA931 were predicted to 
regulate gibberellin biosynthesis genes GA20-oxidase and GA3-oxidase. The increased expression of 
phasiRNA931 was also reflected in decreased levels of GA3-oxidase transcripts. Moreover, decreased 
concentration of gibberellin confirmed this regulation. The functional relation between lower activity of 
gibberellin signaling and reduced disease severity was previously confirmed in Arabidopsis-virus interaction 
using knockout mutants. We further showed that this regulation is salicylic acid-dependent as the response of 
sRNA network was attenuated in salicylic acid-depleted transgenic counterpart NahG-Désirée expressing 
severe disease symptoms. Besides downregulation of gibberellin signaling, regulation of immune receptor 
transcripts by miR6022 as well as upregulation of miR164, miR167, miR169, miR171, miR319, miR390 and 
miR393 in tolerant Désirée, revealed striking similarities to responses observed in mutualistic symbiotic 
interactions. The intertwining of different regulatory networks revealed, shows how developmental signaling, 
disease symptom development and stress signaling can be balanced.  
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PS2-26   a sysad in sysbio 

Ivo Maintz1 
1Biologie, Theoretische Biophysik, Humboldt-Universität zu Berlin, Invalidenstraße 42, Berlin 10115, Germany 

Commonly, in science there is no genuine sysadmin for your needs; often you have to take care of this on the 
side yourself. Edda Klipps group at the HU Berlin is one of the exceptions. What are the tasks? How we 
organized our group in technical respects? What are the benefits in detail? What could be benefits for other 
scientists, not related to the HU?  

First, my job is it to let the others make their job. The ~35 PCs, some servers, our computer pool for the 
students and our little cluster have to work flawlessly. Most systems are running linux (ubuntu and debian), a 
few windows. All systems must be up-to-date, operating systems as well as several special programs. 

Very important is the backup of all relevant data, we do this 3 times per day locally and additional externally in 
the night. We use different tools: for local backup lsyncd (for syncronization) and rsync (for versioning), the 
backup to the datacenter of our university is done with IBM Spectrum Protect.  

We use openldap to manage the access to the systems. This means, all people in our group can use (almost) 
every computer and have all data and programs accessible there. The data are on our fileserverver and are 
distributed via nfsv4 (for unix-based OS) and cifs for the others. 

For installation of the clients, daily updates, configuration, customation and so on we use FAI [¹], a non-
interactive tool for unattended mass deployment. It is very powerful, but easy to configure.  

A weighty part of my work is to prepare, test and distribute the software, wich often has to be compiled from 
source. Actually, there are more than 450 packages and its dependencies. To ease this, we use scripts to 
partially automate the search for source updates, build and test it. For deployment we have two software 
repositories: repo for commercial/nonfree, not allowed from outside of the university's network, and sbos [²] for 
open source software. That's a fairly simple way to keep sure, that all clients have the same recent software 
and versions. Beyond that, one can use the free sbos repository also on every ubuntu/debian computer. 

And this could be a useful advantage for you: a tested repository with precompiled and packed systbio-related 
software for debian-based linux distributions. (Because we use only ubuntu and debian, it is limited to these 
linux variants.)  

[¹]: http://fai-project.org      [²]: https://sbos.eu  

 
PS1-27  CCprofiler: A toolset for complex-centric proteome profiling 

Isabell Bludau, Moritz Heusel, George Rosenberger, Robin Hafen, Max Frank, Amir Banaei 
Esfahani, Ben C. Collins, Matthias Gstaiger, Ruedi Aebersold 

Department of Biology, ETH Zürich, Auguste-Piccard-Hof 1, Zürich 8093, Switzerland 

Proteins are major players in most molecular processes and can elicit multiple functions depending on their 
interaction with other proteins. LC-MS/MS is a powerful technique to qualitatively and quantitatively determine 
the proteomic state of a cell. Recently, methods employing protein co-fractionation strategies coupled to 
tandem mass spectrometry have been used to study protein-protein interactions and –complexes at increased 
throughput. However, these approaches suffer from limited specificity, largely due to spontaneous co-elution 
of unrelated proteins resulting from the limited peak capacity of chromatographic columns. To address this 
limitation, we have developed a complex-centric, targeted analysis strategy, implemented in the open-source 
R-package CCprofiler, to directly detect protein complex signals from co-eluting protein subunits in protein co-
fractionation MS data. 

The complex-centric proteome profiling strategy in CCprofiler is based on the initial definition of protein 
complex hypotheses. These can be either directly provided by the user, or hypotheses can be generated 
based on given protein-protein interaction networks such as BioPlex or StringDB. CCprofiler deploys a sliding-
window based correlation analysis strategy to detect regions of local co-elution of all proteins within a complex 
hypothesis, also allowing the detection of smaller co-eluting sub-complexes. The sensitivity and selectivity of 
the approach is estimated based on a protein complex decoy strategy. 

The algorithm was benchmarked against a reference set of manual annotations and tested for robustness in 
scaling. The manual benchmark supports the automated detection of more than 400 protein complexes 
reported in CorumDB at an estimated TPR of 70% and FDR of 5%. The complex decoy strategy employed by 
the algorithm provides similar statistics. We exemplify the quality and wealth of information on protein 
complexes and –variants extracted from a complexomic map of the HEK293 cell line generated via SEC-
SWATH-MS. Our analysis reveals information on hundreds of protein complexes, assembly intermediates as 
well as differential integration of protein isoforms (splice-forms and PTMs). 

We expect that future applications of the complex-centric proteome profiling strategy employed by CCprofiler 
will enable novel insights into how distinct cellular states affect proteome organization in a highly parallelized 
fashion.  
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PS2-28   Realistic design for dynamic models in Systems Biology 

Janine Egert1, Jens Timmer2, Clemens Kreutz1 
1 Institute for Physics, University of Freiburg, Germany, Center for Biological Systems Analysis, University of 
Freiburg, Germany 
2 Institute for Physics, University of Freiburg, Germany & BIOSS Centre for Biological Signaling Studies, 
University of Freiburg, Freiburg, Germany 

Motivation: By analyzing complex non-linear systems in Systems Biology many methodological and 
computational questions raise up. Due to the limited amount of publicly available data for biological 
experiments, simulation studies represent a reasonable alternative for the methodological analysis. Here, an 
important task is to find a realistic reflection to still represent biological applications. 

Results: In this paper we present an implementation for setting up a realistic simulation study. On the basis of 
ten biological applications we analyze the distribution and measurement conditions of observables and define 
realistic observation time points. For any desired dynamic model downloaded from an online database, the 
implementation presented in this paper analyzes the model dynamics and sets a realistic experimental design 
with its observables, measurement times and simulates data with measurement error. 

Availability: The source code is available at http://github.com/JanineEgert/Realistic_Design. A version for 
MatLab and for the MatLab-based modelling toolbox Data2Dynamics is uploaded. 
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ABSTRACTS POSTER SESSION 3 

 

Poster Session 3 - ‘Systems Biochemistry‘   

 

PS3-01   Utilizing a systems biology approach to decipher mechanisms 
regulating erythropoiesis and contributing to deregulation during 
erythroleukemia 

Xiaomeng Li1, Lorenz Adlung2, Luisa Schwarzmüller3, Marcel Schilling1, Ursula Klingmüller1 
1 Systems Biology of Signal Transduction, The German Cancer Research Center, Im Neuenheimer Feld 280, 
Heidelberg 69120, Germany 
2 Department of Immunology, Weizmann Institute of Science, Rehovot, 7610001, Israel 
3 Faculty of Biosciences, University of Heidelberg, D-69120 Heidelberg, Germany 

Cell proliferation is controlled by the AKT and ERK signaling pathways. Cells harboring the erythropoietin 
(Epo) receptor activate in response to Epo stimulation the PI3K/AKT and MAPK signaling pathways and 
thereby promote cell proliferation. Here we present a system biology approach, which combines quantitative, 
proteome-wide mass spectrometric measurements with an integrative mathematical model to unravel 
mechanisms that promote deregulated proliferation in erythroleukemia cells. 

To characterize the proliferative behavior of the human erythroleukemia (HEL) cell line, growth assays with 
FCS or upon stimulation with different Epo concentrations are performed to determine doubling times. To 
adapt the integrative mathematical model established under physiological conditions of Epo-induced activation 
of the MAPK and PI3K signaling pathways to HEL cells, the numbers of molecules per cell of key components 
of the pathways are measured by immunoblotting and mass spectrometry to set up proper initial values for the 
adaptation of the existing model. Next, quantitative immunoblotting data from HEL cells stimulated with Epo 
are collected by time-resolved and dose-dependent experiments to determine the dynamics of pathway 
activation. The "proteomic ruler" method (Wisniewski et al., MCP, 2014) is used to globally quantify 
components in HEL cells by mass spectrometry, and the obtained results are compared to the 6925 proteins 
that we previously identified in primary erythroid progenitor cells from three different healthy donors (Adlung et 
al., Mol Syst Biol, 2017). Collectively, these data will be employed to adapt the integrative mathematical model 
of PI3K and MAPK signaling to HEL cells. The adapted model will be used to systematically investigate anti-
proliferative effects of inhibitors such as AKT and ERK pathway inhibitors in HEL cells. 

In the future, we will analyze by quantitative mass spectrometry and proliferation assays samples from 
patients that suffer from erythroleukemia to confirm model-based hypotheses generated from the HEL cell line 
and will utilize the adapted model to rationally guide patient stratification and personalized treatment 
optimization. 
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PS3-02   Dynamic pathway modeling of Transforming growth factor β (TGF-
β) Smad signaling in healthy and chronically diseased liver 

Viktor Makarenko1, Daniel Lill2, Wolfgang Mader2, Philippe Lucarelli1, Clemens Kreutz2, Claire 
Barbieux1, Lorenza A D’Alessandro1, Jens Timmer2, Ursula Klingmüller1 
1 Systems Biology of Signal Transduction, German Cancer Research Center, Im Neuenheimer Feld 280, 
Heidelberg 69126, Germany 
2 Freiburg Center for Data Analysis and Modeling, University of Freiburg, Ecker Str. 1, Freiburg, 79104, 
Germany 

 Chronic Liver Disease (CLD) is a pathological process of consecutive destruction and regeneration of liver 
parenchyma that leads to liver fibrosis and cirrhosis. The major contributors of progressive liver fibrosis are 
hepatic stellate cells (HSC), which appear to be activated by the stimulation with transforming growth factor 
beta (TGF-β). Correspondingly, the TGF-β signaling pathway emerged as a prospective target in the treatment 
of liver fibrosis. However, the outcome for such treatments is hardly predictable due to the absence of specific 
insights into TGF-β signaling pathway in HSC during CLD progression. 

To develop and extend a dynamic pathway model of the TGF-β induced Smad signaling pathway in HSC we 
are using the model that was previously established for the hepatocellular carcinoma cell (HCC) line Hepa1-6 
(murine), HepG2 (human) and primary murine hepatocytes and adapt it to HSC line JS1 (murine) and LX2 
(human). The detected numbers of Smad molecules per cell are different among the cell lines: Smad2 and 
Smad4 are predominant in Hepa1-6 and HepG2, whereas Smad2 and Smad3 prevail in HSC lines JS1 and 
LX2. Interestingly, the results of the time resolved experiments employing quantitative immunoblotting 
revealed comparable TGF-β induced Smad2/3 phosphorylation dynamics among all cell lines. These results 
are well captured by the adapted model. The model predicts that the differences of the Smads ratio affect the 
formation of Smad complexes: the complexes with Smad4 are present in Hepa1-6 and HepG2 but poorly 
represented in JS1 and LX2. These model predictions were confirmed by time-resolved co-
immunoprecipitation experiments. To extend the model to the regulatory events occuring at the receptor level, 
we established a targeted-mass spectrometry approach for the TGF-β receptor I that will help to quantify the 
total abundance and dynamics of the receptor in HSC. 

In perspective, the experimentally calibrated model will provide a better understanding of CLD pathogenesis to 
optimize the treatment of patients with liver fibrosis. 
 

PS3-03   Modeling the coupled cell cycle and metabolic oscillators in 
Saccharomyces cerevisiae 

Paula Martinell Garcia, Edda Klipp 

Humboldt-University in Berlin, Invalidenstrasse 42, Berlin 10099, Germany 

Among the cellular processes that claim for a systemic study to be better understood metabolism is one of the 
most prominent. Particularly interesting, as well as challenging, is to comprehend the crosstalk between 
metabolic regulation and the cell division cycle. It has been shown in multiple reports that metabolic activity in 
yeast synchronous populations has an oscillating behavior and oscillations have also been shown to occur in 
single cells belonging to asynchronous populations. With the exception of really-long-period metabolic 
oscillations (5-30h periods) where the oscillation period is longer than the culture doubling time, the cell cycle 
has always been shown to be coupled to the metabolic oscillations, meaning, each period of the cell cycle is a 
multiple of the metabolic oscillation period. Despite the high an constantly increasing information around the 
subject it is still far from being completely understood. It has become every time more clear that the origin and 
maintenance of metabolic oscillations cannot be explained by an single unifying mechanism, rather it is better 
approached as different flux distributions in the metabolic pathways optimal for each given condition that 
operate to produce the biomass and energy necessary for replication. 

In this project we have focused on describing the metabolic oscillations reported for single cells belonging to 
an asynchronous culture where autonomous NAD(P)H oscillations seem to gate the cell division cycle, 
likewise, the triggering of cell cycle progression modifies to some extent the amplitude and frequency of the 
NAD(P)H oscillations. Through a system of ordinary differential equations (ODE) that simulate the central 
carbon metabolism (glycolysis, citric acid cycle and oxidative phosphorylation) we are reproducing the 
NAD(P)H oscillations reported for single cells and coupling the system to an existing ODE cell cycle model 
developed by our group (Spiesser et al., 2015). In parallel, an ATP biosensor is being expressed in yeast cells 
to have an insight into the energetic state of cells under the conditions for which NAD(P)H fluctuations are 
already reported. Thus obtaining complementary experimental data to validate the mathematical model. 
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PS3-04   Modeling DNA methylation – Kinetic insights into (de)methylation 
dynamics and replication-associated maintenance  

Lorenz Ripka1, Andrea Schäfer2, Michael Musheev2, Christof Niehrs2, Stefan Legewie1 
1 Modelling of Biological Networks, Institute of Molecular Biology gGmbH , Ackermannweg 4, Mainz 55128, 
Germany 
2 DNA Demethylation, DNA Repair and Reprogramming, Institute of Molecular Biology gGmbH , 
Ackermannweg 4, Mainz 55128, Germany 

The maintenance of chromatin modifications during replication is important for stable epigenetic memory. 
Methylation of cytosine bases in the DNA is one such a modification and known to be an important control 
mechanism for gene expression frequently deregulated in tumor cells. We developed a quantitative 
mathematical model to investigate how the levels of these cytosine modifications are dynamically controlled 
and maintained during replication. We quantify cytosine modifications by mass spectrometry experiments in 
which cells were pulsed with labeled methyl donors. Using these data, we calibrated our ODE model 
describing both the cycle of DNA (de)methylation and cell cycle transitions, and were able to reproduce all 
observed features. In particular we can explain active maintenance of hydroxy-cytosine during replication by 
enhanced enzymatic formation in S-phase. We further employ our model to investigate the role of different 
proteins such as DNMTs in setting the relative abundance of cytosine modifications. Currently we are 
validating these predictions by experimental knockout studies. Taken together, we provide a quantitative 
systems model that describes the kinetics of DNA(de)methylation in various physiologically conditions.  

 

PS3-05   ESTIMATION of neurotransmitters exchange between astrocytes 
and neurons in stroke 

Mustafa Sertbas, Kutlu Ulgen 

Chemical Engineering Dept., Bogazici University, Bebek, Istanbul 34342, Turkey 

Stroke is a devastating health problem developing from insufficient blood supply to the brain due to blocked 
arteries or ruptured blood vessels. It brings about a reduction in the transport of nutrients and oxygen, which 
are essential for healthy brain functionality, through blood brain barrier and eventually leads to brain cells to 
die. Astrocytes and neurons are the major brain cells communicating with the help of specific chemicals called 
neurotransmitters. An experimental study of the change of these neurotransmitters in case of stroke requires 
long and tedious work. However, the computational studies by using systems biology approaches and 
previously developed brain model offer an alternative solution in a very short time. Here, genome-scale brain 
metabolic model, iMS570 (Sertbas et al., 2014), is used to predict the level of the neurotransmitters between 
astrocytes and neurons by decreasing the brain’s metabolite uptake, which stands for the perturbation due to 
stroke. It is found that the exchanges of both GABA and glutamine are decreased and glutamate is slowly 
increased initially; however, shows descending tendency afterwards. The total activity of this 
Glutamate/Glutamine/GABA cycle is gradually decreased due to stroke perturbation. The intracellular 
transport of other metabolites including leucine, valine, and isoleucine are slightly increased at the beginning 
and diminished later. Our brain model enables us to successfully estimate the neurotransmitter transport in 
accordance with the literature. The current study can be extended to genome-scale studies for deep 
understanding of molecular mechanism between the brain cells due to stroke. 
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PS3-06   Mathematical modelling of the dynamics of MET phosphorylation to 
understand receptor activation and signal transduction 

Larissa C. van Ek1, Magdalena Szczygiel1, Florian Salopiata1, Martin E. Boehm1, Helge Hass2, 
Jens Timmer2, Marcel Schilling1, Ursula Klingmueller1 
1 Systems Biology of Signal Transduction, German Cancer Research Center, In Neuenheim Feld 280, 
Heidelberg 69120, Germany 
2 Data Analysis and Modelling of Dynamic Processes in the Life Sciences, Freiburg Institute for Advanced 
Studies, Albertstrasse 19, Freiburg im Breisgau 79104, Germany 

Receptor tyrosine kinases (RTKs) play a major role in integrating extracellular cues to cellular responses by 
binding extracellular ligands and propagating the signal intracellularly. After receptor dimerization, subsequent 
autophosphorylation and other phosphorylation events occur, which are coupled to cellular responses. Here, 
we focus on the hepatocyte growth factor (HGF) receptor (MET), which has been extensively investigated in 
the context of liver regeneration and therapy resistance in lung cancer. However, the dynamics of changes in 
its diverse phosphorylation sites upon HGF stimulation have not been well-described. 

To explore the context-specific phosphorylation dynamics of MET upon extracellular cues, we are developing 
a targeted mass spectrometry approach for MET. To establish a parallel reaction monitoring (PRM) method in 
which we can cover all relevant phosphorylation sites of MET, a mass spectrometry-compatible 15N-labelled 
heavy calibrator was generated and tested with several proteases to obtain peptides of optimal length. Using 
three combinations of enzymes, it was possible to detect all phosphorylation sites of interest in phosphorylated 
and unphosphorylated form. Interestingly, the time-resolved changes in degree of phosphorylation were 
observed to be site-specific. Therefore, we are able to obtain dynamic data on specific phosphorylation sites of 
MET that are coupled to receptor activation, signal transduction, and signal attenuation. 

The obtained data is utilized in a mathematical modelling approach to determine in which sequential order the 
phosphorylations of MET occur. In this model, kinetic reactions of individual site-specific phosphorylation 
events will be included. Downstream feedbacks will be separated to individually account for the consequences 
of each of the phosphorylation sites, thereby monitoring receptor activation, internalization and signal 
propagation. This will disentangle how phosphorylation patterns of MET induced by extracellular cues lead to 
defined cellular responses and will lead to the identification of phosphorylation sites predictive for therapy 
response. 
 

PS3-07   Grow or store? Exploring metabolic decision making under 
feast/famine conditions using 13C tracer 

Koen J.A. Verhagen, Leonor Guedes da Silva, Roel van de Wijgaart, Robbert Kleerebezem, Mark 
C.M. van Loosdrecht, Aljoscha S. Wahl 

Department of Biotechnology, Delft University of Technology, Van der Maasweg 9, Delft 2629 HZ, Netherlands 

Plasticicumulans acidivorans is a polyhydroxybutyrate (PHB) producing strain that is enriched in open culture 
using a selective pressure from feast-famine cycles (12h). P.acidivorans is able to very quickly, in the order of 
minutes, ‘switch’ its metabolism from PHB production to consumption when its carbon substrate, acetate, is 
depleted [1]. The fast response suggests that metabolism is regulated at the enzyme rather than genome 
level. The stoichiometry of P.acidivorans metabolism, including the switch from feast to famine phase, has 
been described extensively in literature. However, the regulation involved in this complex metabolic switch 
from PHB production to PHB consumption is not yet fully understood. We aim to unravel the responsible 
regulatory mechanism behind P.acidivorans’ fast switch. 

In order to elucidate these responsible regulatory processes, an enrichment of P.acidivorans was studied 
using targeted intracellular metabolite analysis over time during feast and famine phases. Focus is the feast to 
famine phase switch. In combination with extracellular rates, the measured intracellular pool sizes are used to 
predict the 13C enrichments of intracellular flux profiles to design the labelling experiment. Dynamic 13C flux 
analysis will be used to obtain the actual fluxes. There is a significant change in metabolite levels upon the 
switch from feast to famine phase. Central carbon metabolites respond within 2 minutes after acetate 
depletion, showing downregulation of the TCA cycle and upregulation of gluconeogenesis. The 
acetylCoA/CoA ratio is shown to be an important driver of PHB production, decreasing significantly upon 
entering the famine phase. At the same time, ATP/AXP levels remain stable, indicating homeostasis which 
suggests that ATP is not a regulator in the switch from PHB production to PHB consumption. Preliminary 
measurements of intracellular metabolites have shown the presence of a clear switch-like behavior in the 
metabolism of P.acidivorans. The dynamic 13C flux analysis should be able to allow us to obtain a deeper 
understanding of the unique metabolic switch from PHB production to consumption, which could lead to novel 
metabolic strategies for microbial cell factory design. 

The project was supported by the SIAM Gravitation Grant 024.002.002 from the Netherlands Organisation for 
Scientific Research (NWO). 

1. Johnson, K. et al. (2009), Biomacromolecules, 10(4), 670 
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PS3-08   Automated image analysis of calcium waves in roots of Arabidopsis 
thaliana 

Martin Zauser1, Rik Brugman2, Janos Löffler1, Guido Grossmann2, Jürgen Pahle1 
1 Biological Information Processing Group, Heidelberg University, Im Neuenheimer Feld 267, Heidelberg 
69120, Germany 
2 Centre for Organismal Studies, Heidelberg University, Im Neuenheimer Feld 230, 69120 Heidelberg, 
Germany 

Plants respond to a sudden change of environmental conditions and bacterial challenges by increased activity 
of intracellular signaling by calcium ions. For the model plant Arabidopsis thaliana it could be shown that 
calcium signals propagate in waves through the root and show stimulus-specific signatures, if the plant is 
stimulated by salt or bacterial peptides. We investigate the propagation of waves through the root by 
quantifying intracellular calcium signaling. For this purpose, we developed a computational approach for 
calcium wave visualization and quantification which is capable of processing time-lapse image stacks of 
fluorescence microscopy images of plant roots and analyzing the intensity changes caused by increased 
concentrations of intracellular calcium. This work is composed of three key steps. The first is the automated 
generation of a time-space diagram (kymograph) by detecting the outline of the root and calculating the mean 
intensity at each position perpendicular to the axis of the root. The second is a position-related scaling of the 
kymograph resulting in a distinct representation of the calcium wave called the "Crestline Plot". The 
kymograph as well as the crestline plot can easily visualized as a 3D-like surface plot. The third contribution is 
an algorithm for analyzing the crestline plot by identifying key points of the calcium wave. The starting position 
and starting time of the wave are calculated as well as the speed into both directions along the axis of the root. 
The analysis is augmented by a quality check of the image data including a detection of artifacts or defective 
datasets. The algorithm was applied to different datasets of high-resolution microscope images of genetically 
modified Arabidopsis thaliana plants stably expressing a calcium sensor. 
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PS3-09   Integrating in vivo and in vitro approaches for metagenomic 
RuBisCO sequence mining to improve carbon fixation 

Noam Prywes, Dan Davidi, Melina Shamshoom, Ron Milo 

Plant and Environmental Sciences, Weizmann Institute, Herzl St 234, Rehovot 76100, Israel 

Carbon fixation is a prerequisite for accumulating biomass and storing energy in most of the living world. 
Improvements to the central enzyme performing CO2 fixation in the biosphere, RuBisCO, can transform 
agriculture and open new routes towards economically sustainable production of biofuels. While the on-going 
quest towards a “super-charged” RuBisCO is a highly significant challenge in the fields of both plant science 
and metabolic engineering, so far only a tiny subset of the ~50,000 sequenced RuBisCO genes have been 
kinetically characterized using in vitro biochemical assays. All of our knowledge and assumptions regarding 
the kinetic limits of RuBisCO are based on this small fraction covering less than 1% of currently known 
sequences. By leveraging breakthroughs in gene synthesis capabilities and metagenomic data, as well as a 
new robust screening system we developed, hemiautotrophic E. coli, we are in the process of exploring the 
properties of natural RuBisCO variants more comprehensively than ever before. We are exploring the 
sequence diversity of RuBisCO by synthesizing hundreds of phylogenetically distributed variants. Enzymes 
with promising kinetic properties are rapidly identified after they are tested in vitro for activity and specificity. 
Once identified, kinetically interesting variants are expressed in our hemiautotrophic E. coli strain, with the 
goal of improving heterologous expression and function of this critical protein. We employ a novel approach to 
a long-lasting challenge by harnessing two recent biotechnological revolutions. High-throughput sequencing 
has yielded an unprecedented wealth of RuBisCO metagenomic data from across the biosphere and DNA 
synthesis enables the production of hundreds of gene variants, effectively covering the phylogenetic space. 
We intend to make strides toward the holy grail of improving crop yields and CO2 conversion to biofuels, or at 
the very least clarify the constraints on doing so. 

 
PS3-10   Origin and impact of biomass composition in genome-scale models 
predictions 

Sophia Santos, Isabel Rocha 

Center of Biological Engineering, Universidade do Minho, Campus de Gualtar, Braga 4710-053, Portugal 

Genome-scale metabolic models (GSMM) are nowadays extensively generated for an increasing number of 
organisms and are also improving in accuracy and complexity. One essential component of a GSMM is its 
biomass equation, whose maximization is one of the most common objective functions used in Flux Balance 
Analysis formulations. Thus, in order to obtain a reliable metabolic model, the biomass precursors and their 
coefficients must be as precise as possible. Ideally, determination of the biomass composition would be 
performed experimentally; however, some authors continue to prefer including E. coli biomass information 
even though with clear genomic, metabolic and phenotypic differences. 

The aim of this work was to understant how biomass equations are currently obtained, compare the 
information between them and infer about the real impact of biomass compositions in GSMMs predictions. For 
that propose, several biomass equations present in GSMMs were analyzed.  The results obtained suggest that 
the experimental macromolecular composition is conserved among related organisms; however, experimental 
data for amino acid composition seem to have no similarities among related organisms. 

Sensitivity analysis studies were also performed using the Escherichia coli iAF1260 metabolic model 
concerning specific growth rates, flux distributions and gene essentiality in order to identify the biomass 
components with more influence in genome-scale metabolic models predictions. The GSMMs of Bacillus 
subtilis, Pseudomonas putida, Salmonella typhimurium, Corynebacterium glutamicum, Saccharomyces 
cerevisiae and Kluyveromyces lactis were also screened using macromolecular and amino acid compositions 
from different sources (experimental and estimated from genome). Results indicated that the components with 
major impact were macromolecular, amino acid and cofactor compositions. 
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PS3-11   When and how to switch? – Studying gene expression at single cell 
level during the diauxic shift 

Phillipp Schmidt1, Doerr Anne2, Johan van Heerden1, Frank Bruggeman1, Teusink Bas1 
1 Vrije Universiteit Amsterdam, De Boelelaan 1108, Amsterdam 1081HZ, The Netherlands 
2 Delft University of Technology, Lorentzweg 1, 2628CJ Delftt, The Netherlands 

When S. cerevisiae grows in batch-cultures on glucose it produces ethanol. After glucose depletion, the cells 
start to use ethanol as carbon source. This phenomenon of observing two growth phases is called diauxie. It 
requires a fundamental rewiring of metabolism by switching from glycolysis to gluconeogenesis. We want to 
study how this shift is regulated on the gene expression level and which external signal is determinative. In 
particular, it is not clear if it is a hard-wired response to glucose depletion or if it also requires a certain 
concentration of ethanol. We use mRNA FISH (Fluorescent in situ hybridization) and fluorescent reporters to 
study gene expression at the single cell level. With mRNA FISH we can quantify single transcripts for a 
specific gene in single cells. One limitation of the mRNA FISH protocol is the requirement to fixate cells. This 
only allows to take snapshots of mRNA per cell distributions. We use a statistical fitting procedure to 
determine the fraction of cells that show a response by expressing mRNA. From this we can infer waiting time 
distributions. We performed batch growth experiments with different initial glucose concentrations in order to 
vary the cell density and ethanol concentration during the shift. We use FBP1(Fructose-1,6-bisphosphatase) 
as readout for the initiation of gluconeogenesis. The analysis of mRNA distributions over time reveals that all 
cells manage to perform the switch. We observe that the majority of cells initiate transcription before glucose is 
depleted at residual glucose concentrations that are higher than what is usually reported for catabolite 
repression. The statistical fitting reveals a peaked waiting time distributions with small variation. In order to 
study the effect of different ethanol concentrations during the shift in more detail we are constructing 
fluorescent reporter strains for FBP1 and other gluconeogenic genes, which we will use in microfluidic devices 
to tightly control the substrate concentration and also simulate conditions with very low ethanol concentrations. 

 
PS3-12   Experiment design in aid of deciphering the yeast GATA factor 
network 

Eve Tasiudi1, Francesca Parise2, Jakob Ruess3, John Lygeros1 
1 Dept. of Information Technology and Electrical Engineering, ETH, Physikstrasse 3, Zurich 8092, Switzerland 
2 Laboratory for Information and Decision Systems, MIT, Cambridge, MA, USA 
3 Inria Saclay Ile-de-France, Palaiseau, FR 

Yeast adapt to changes in their nutrient uptake by activating an appropriate pathway each time. In order to 
import and metabolize poor nitrogen sources, Gat1 (a) and Gln3 (b), via the TORC1 pathway, translocate to 
the nucleus and transcriptionally activate Dal80 (c) and Gzf3 (d). Although, these four transcription factors (a-
d), consisting the GATA factor network, have been the subject of extensive study their network topology still 
lacks certainty. Despite extensive efforts to resolve these ambiguities through appropriate model selection, a 
fundamental difficulty is that the hypothesized networks have to be assessed on noisy data. Taking a step 
back, and designing effective and informative experiments, alleviates the issue of topological uncertainty and 
minimizes time and cost of the experimental study. Here, we estimate the informativeness of various nitrogen 
shifts for a class of candidate models regarding the GATA factor network, by implementing a Bayesian 
framework for experiment design. Given an experimental set up, we measure the average distance of the prior 
predictive distribution for each model to the mixture of all hypothesized models. We then search for the 
experiment (which nitrogen shift, which state variables to account for and at what time), that maximizes the 
value of dissimilarity of the model predictions, thus has the best chance of successful discriminating the 
models. This methodology is complementary to model selection to elucidate feedback mechanisms in the 
GATA factor network. In addition, the goal of connecting nitrogen signals to metabolism can be greatly 
benefited through this format of system identification. 
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PS3-13   Bacterial growth rate is disturbed by cell division and restored by 
adaptive resource management 

Johan van Heerden1, Daan de Groot1, Robert Planqué1, Niclas Nordholt1, Pieter Rein ten Wolde2, 
Bas Teusink1, Frank Bruggeman1 
1 Systems Bioinformatics, Vrije Universiteit Amsterdam, De Boelelaan 1085, Amsterdam 1081HV, Netherlands 
2 AMOLF, Biochemical Networks, Amsterdam, Netherlands 

Cell growth is subject to many sources of stochasticity, causing single isogenic cells to differ from each other. 
However, under constant conditions, isogenic cell populations can be kept growing at a fixed, average rate 
and constant cell-to-cell variation. This feature implies that the spontaneous phenotypic variations that arise in 
such populations are compensated by mechanisms that continuously steer deviating cells back towards the 
population average. Such homeostatic mechanisms ensure the robustness of population characteristics, 
despite perpetual cell-to-cell variations. 

Here we focus on growth rate differences between individual cells. What causes these differences, and how 
are deviations compensated? To gain insight into these questions, we studied the cell cycle-dependent growth 
behaviour of thousands of individual E. coli cells, under conditions of balanced growth. We find that the 
specific growth rate is not constant during the cell cycle. Cell division causes significant disturbances in the 
growth rate of single cells, leading to a large increase in cell-to-cell variability that is reduced as cells progress 
through their cell cycle. Surprisingly, growth rate after birth correlates negatively with size at birth, in both 
absolute and relative terms. This behaviour, we hypothesise, can be explained by imbalances between 
metabolic and biosynthetic activities that arise from asymmetries in cell division.  Using mathematical 
modelling we show that a simple regulatory mechanism, with features similar to a mechanism that modulates 
growth-rate adaptation across conditions, can also function to compensate for growth rate deviations during 
cell-cycle progression. 

 
PS3-14   Deciphering single-cell cAMP dynamics in yeast 

Dennis Botman1, Daan de Groot1, Joachim Goedhart2, Bas Teusink1 
1 Systems Bioinformatics, Vrije Universiteit, De Boelelaan 1108, Amsterdam 1081HZ, Netherlands 
2 Section of Molecular Cytology, van Leeuwenhoek Centre for Advanced Microscopy, Swammerdam Institute 
for Life Sciences, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands 

Introduction: The cAMP-PKA pathway facilitates cellular adaptation to environmental changes by regulating 
cell-cycle, metabolism and stress responses. In yeast, different inputs translate, via cAMP dynamics, to these 
adaptive changes, in a largely unknown manner. This is mainly because measuring cAMP dynamics is 
challenging. Therefore, we developed a cAMP sensor based on Förster Resonance Energy Transfer (FRET), 
which gives ratiometric fluorescence changes upon cAMP binding. Using this sensor we want to determine the 
logic of cAMP dynamics during environmental changes and how this translates to cellular responses 
downstream. 

Results: We adapted a mammalian cAMP FRET sensor for cAMP measurements in yeast cells and tested its 
functionality. The developed cAMP sensor expresses uniformly and is photostable. cAMP responses were 
measured in various strains under various conditions and perturbations. For example, we could confirm that 
the industrial CEN.PK strain lacks a cAMP spike upon glucose addition, attributed to a mutation in the 
adenylate cyclase gene CYR1. By this and other experiments, we were able to confirm that the sensor 
measures cAMP and obtained an overview of cAMP responses to changing environments. Yeast show 
different cAMP dynamics dependent on the growth conditions and the specific sugar used for perturbations. 

Conclusion: We developed a FRET sensor that measures cAMP dynamics spatiotemporally in yeast. cAMP 
measurements during changing environments show that both the growth condition and the perturbation affect 
the cAMP response. We are currently exploring the dynamic input-output relationships of the cAMP-PKA 
pathway to improve our understanding of its regulatory functions.   
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PS3-15   Maximal growth rate requires minimal metabolic complexity 
  

Daan H. de Groot, Coco van Boxtel, Bob Planqué, Frank J. Bruggeman, Bas Teusink 

Systems Bioinformatics, Vrije Universiteit Amsterdam, De Boelelaan 1108, Amsterdam 1081HZ, Netherlands 

The metabolic network of microbes is enormously versatile, while their metabolic behaviour is unexpectedly 
simple. The number of minimal cell synthesis pathways (Elementary Flux Modes) is in the hundreds of billions, 
while widespread microbial behaviour (e.g. overflow metabolism, the Warburg effect in cancer cells, or 
catabolite repression) can already be explained by only a handful of simultaneously active pathways. We 
addressed this apparent inconsistency by mathematically investigating the consequences of natural 
selection(*). 

Fitness maximisation forces cells to reproduce as fast as possible, inhibited only by fundamental physiological 
constraints, e.g. a limited membrane area or macromolecular crowding. These constraints can be translated 
into limits on the possible enzyme allocation. We prove that the number of active constraints determines the 
number of active minimal metabolic pathways (Elementary Flux Modes) that carry flux in the optimal solution. 
These constraints, and therefore the active Elementary Flux Modes, are low in number and universal across 
species, which explains why different species display common fitness effects of protein expression and similar 
metabolic behaviour. 

We use our theory to design an experiment that should be able to identify the growth-limiting constraints in 
different environmental conditions. This experiment is generally applicable (and is currently being applied by 
us to E. coli). We hope that our combination of theory and experiment will be an important asset in 
understanding the limits on the microbial growth rate. 
(*)(de Groot, D. et al. (2017), BiorXiv, prepublished) 
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PS3-16   A discrete stochastic model for co-translational gene regulation in 
yeast 

Martin Seeger1, Max Flöttmann1, Lotte Teufel2, Aouefa Amoussouvi2, Gabriele Schreiber1, Wiebke 
Schmidt1, Edda Klipp1 
1 Theoretical Biophysics, Humboldt-Universität zu Berlin, Invalidenstrasse 42, Berlin 10115, Germany 
2 Theoretical Biophysics, Molecular Biophysics, Institute for Biology, Humboldt-Universitat zu Berlin, 
Invalidenstrasse 42, Berlin 10115, Germany 

A discrete, stochastic model for protein translation in S. cerevisiae was developed and applied in a whole-
transcriptome, single-cell context. In a “base case” scenario representing an average cell, the model correctly 
reproduces several observables from the literature. Translation initiation rates are highlighted as the main co-
translational regulatory parameters. The phenomenon of ribosome stalling is present in the model and 
emerges as a secondary regulatory mechanism. The model was also applied to a time-resolved transcriptomic 
analysis of absolute mRNA levels estimated by combining data from FISH and RNAseq experiments. It could 
be shown that increased transcript abundance during the cell cycle has a negative influence on the translation 
efficiency. Translation efficiency can be clustered by gene function, with ribosomal and glycolytic genes having 
the highest values. An optimal ribosome number for translation efficiency exists, and on average the cell 
appears to be working near this optimum. 

 

PS3-17   Introducing polydisperse agarose droplets as a platform for single-
cell growth experiments 

Coco van Boxtel, Frank Bruggeman, Bas Teusink 

Systems Bioinformatics, Vrije Universiteit, De Boelelaan 1085, Amsterdam 1081 HV, Netherlands 

There is an ever-growing focus in the biological sciences on obtaining quantitative single-cell data. Most of the 
data is obtained using time-lapse microscopy, flow cytometry and microfluidic devices. Although 
extracting quantitative data can be a hard task, the raw data is readily interpretable. For example, the 
interpretation of data from microfluidic devices that retain monodisperse agarose droplets with growing cells is 
straightforward because the droplets have comparable autofluorescence and nutrient-availability. All these 
methods however, have as a disadvantage that they involve measurement devices that require 
high maintenance and have an appreciably risk of experiment failure. Therefore we are exploiting the benefits 
of polydisperse droplets using only a vortex and a tabletop flow cytometer. 
 
Here we explain how this new type of data should be interpreted, in order to benefit from the high-throughput 
properties of the method. We illustrate with classic examples, including growth and antibiotic tolerance, that 
many principles of bacterial growth apply and that we are able to extract single-cell data as well. 
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PS3-18   Shiny application for DIfferential Network Analysis and dynamic 
visualisation in R 

Maja Zagorščak1, Andrej Blejec2, Živa Ramšak1, Marko Petek1, Kristina Gruden1 
1 Department of Biotechnology and Systems Biology, National Institute of Biology (NIB), Večna pot 111, 
Ljubljana 1000, Slovenia 
2 Department of Organisms and Ecosystems Research, National Institute of Biology (NIB), Večna pot 111, 
Ljubljana 1000, Slovenia 

For planning optimal wet-lab experiment regarding particular biological question and hypothesis, knowledge 
discovery, statistical inference and network analysis are pure necessity. The overall aim of our research is to 
bring new perspectives into understanding plant defence using multidisciplinary approach. The main 
challenges are the selection of an appropriate level of abstraction to explain the molecular basis of plant 
response, the quantity and interpretation of acquired high-dimensional data sets and data integration of prior 
knowledge with obtained wet-lab and dry-lab experimental data. 

To access and understand difference in signalling relationships at the system level differential network 
analysis is used. It requires as an input reference and condition specific networks. Accurate reconstruction of 
true biological network topology due to a smaller number of samples than the number of genes is quite a 
complicated problem. Majority of existing methods are relying on correlation based analysis for construction of 
gene regulatory networks which entails noise like spurious inference, reaction oversimplification and missed 
latent and mediated effects. Other more accurate methods are computationally exhaustive even when focused 
only on two conditions and in the case of long time series experiments completely impractical. As a simple and 
straightforward approach we propose to integrate abundant biological knowledge and condition specific 
experimental data by mapping obtained differential expression onto verified signalling pathways. 

Here we present DiNAR, a Shiny web application that allows researcher to analyse multiple condition data 
sets in the biological network context using an interactive graphical interface with user defined parameters. 

Source code and more details is available at https://github.com/NIB-SI/DiNAR 

Key words: network analysis, prior knowledge, high-dimensional data set, dynamic visualisation 

 

PS3-19   Ensemble feature selection integrating stability for biomarker 
discovery 

Xiaokang Zhang, Inge Jonassen 

Department of Informatics, University of Bergen, Thormøhlensgate 55, Bergen 5008, Norway 

Feature selection techniques have been widely used for biomarker discovery. A feature selection method is 
usually assessed in terms of classification performance, since the true biomarkers should enable high 
accuracy classification. The stability of feature selection methods has received little attention until recently. A 
good feature selection method should give a consistent set of biomarkers independent of samples. In this 
article, we present a new ensemble feature selection framework integrating assessment of stability of feature 
selection methods, so that it can generate similar feature subsets when presented with different sets of 
training examples, and at the same time enable high prediction accuracy. 
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PS3-20   Modeling the regulation of major ion species in the intra-
erythrocytic malaria parasite Plasmodium falciparum 

Jorin Diemer, Prof. Edda Klipp 

Theoretical Biophysics, Humboldt University Berlin, Invalidenstr. 42 , Berlin 10099, Germany 

Malaria remains a major global health issue with 216 million infections and 445 000 deaths annually [1]. The 
parasite Plasmodium falciparum, one of six plasmodium species causing malaria, is responsible for the 
majority of malaria related deaths [2]. 

In its intra-erythrocytic stage P. falciparum extensively remodels the host cell by exporting hundreds of 
parasite encoded proteins into the erythrocyte’s cytosol [3]. Few hours after infection P. falciparumintroduces 
new permeability pathways (NPPs) into the erythrocyte membrane, leading to a stark increase in membrane 
permeability to monovalent ions. As a consequence, the ionic environment of the cytosol rapidly changes and 
the parasite itself has to exert tight control over its internal ion concentrations [4]. 

A detailed model describes changes in erythrocyte ion concentrations and volume after parasite infection but 
does not regard variations in ion composition within the parasite [5]. However, the transport pathways of ions 
in the parasite have currently been identified as high-potential drug targets. Describing the parasitic ion 
regulation with a mathematical model will provide new insights into the mechanisms of ion transport into the 
parasite. 

Here we present a model of the ion regulation in the infected erythrocyte as well as the intra-erythrocytic 
parasite for the major ion species. The model describes known transporters individually as well as leakage 
through the membranes with fluxes defined by ordinary differential equations (ODEs). Further, it considers 
volume changes of the parasite and the insertion of NPPs into the erythrocytic membrane. Modeling the ion 
concentrations not only in the erythrocyte but also within the parasite provides a more detailed description of 
the ionic interdependencies, potentially discovering new regulatory mechanisms. 

[1] WHO malaria fact sheet (http://www.who.int/mediacentre/factsheets/fs094/en/), accessed on the 
15/12/2017 

[2] Baird, J, (2013), Clin. Microbiol. Rev., 26, 36 

[3] Koning-Ward, T, et al., (2016), Nature Reviews Microbiology, 14, 494) 

[4] Kirk, K, (2015), Annual Review of Microbiology, 69, 341 

[5] Mauritz, J, et al., (2009), PLoS Computational Biology, 5, 4 

 
 

PS3-21    A mathematical model of iron dynamics in the mouse 

Jignesh Parmar, Pedro Mendes 

Dept. Cell Biology, University of Connecticut School of Medicine, 263 Farmington Av., Farmington 06033, 
United States of America 

Iron is indispensable for life, however, unliganded iron is toxic and has been implicated in the pathogenesis of 
several diseases such as diabetes and cancer. Kinetics of iron metabolism have been well studied 
experimentally at whole-body and tissue levels, but the complex interaction between absorption, distribution, 
storage and mobilization of iron and its regulation by hormones makes it difficult to understand intuitively. 
Mathematical models are used to integrate data and our knowledge to better understand the system, also 
generating testable predictions. Here, we developed a mathematical model of mouse iron physiology to gain 
insights into iron kinetics and its regulation by hormones. Model calibration against previously published data 
on radiolabeled iron distribution revealed an essential role of NTBI uptake by the liver under a high iron diet. 
The model was validated by its ability to simulate the pathophysiology of several iron disorders such as 
hemochromatosis, β-thalassemia and anemia of inflammation. The present model is a roadmap towards a 
more comprehensive mathematical model incorporating cellular and organ level details, which then can be 
used for generating new predictions as well as for exploring new therapeutics for various iron disorders. 
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