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Dynamic Modeling of Stress
Response of Yeast Cells
- Timing of Events

e Edda Klipp

Max Planck Institute for Molecular Genetics
o m Ihnestr. 73, 14195 Berlin, Germany
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Timing of Stress Response

Response to Osmotic Stress

Crosstalk of Pheromone Pathway and
Filamentous Growth Pathway

Cell Cycle and its Regulation by Signaling
Pathways



Signaling Pathways Iin Baker's Yeast

Pheromone N-depletion Osmotic shock
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Experiments w.r.t. Stress Response

Stress response on
transcriptional level

Gasch et al., 2000, Mol Cell Biol

Stress-activated Hogl —

a selective transcription
elongation factor for
genes responding to
osmotic stress
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Proft et al., 2006, Molecular Cell
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Yeast: Response to Osmotic Stress

» Active regulation of cellular volume

(a) (b)
. Fpsl ™ St Fosi -
» Accumulation of glycerol as osmolyte s i, ik A e
» Closure of the aquaglyceroporin “
Fpsl (a glycerol channel) R‘eya(e

> ,,Genome remodeling” — global ()

change of expression pattern Adaptation

» Regulation of cell cycle progression



Modeling Pipeline

Construct network from literature data
and experts' knowledge
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Osmostress Response — Full Model
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The Standard Experiment

Wild Type Cells, shock with 0.5 M NacCl

High osmolarity
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Osmotic stress model: Test cases

High osmolarity

o ‘e
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Osmotic stress: Different stress levels

High osmolarlty

Simulations Experiments
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Osmotic stress response: What is the impact of
specific components over time ?

High osmolarlty
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Signaling Pathways Iin Baker's Yeast

Pheromone N-depletion Osmotic shock
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Pheromone Response

Pheromone
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Kofahl & Klipp, Yeast, 2004

Simulation results:
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Signaling Pathways in Baker's Yeast
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Integration
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Yeast Cell Cycle
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Network controlling the G1 to S transition

NUCLEUS 19 42 1 5
<_®{,/——' Farl-4 Farl <
31 20 15 o

Cdid-Clnd Fart CAk1-CIN3 4 Clni cma«C—@mparW L
S _.iﬂ 30 II| 25 1 i
I dm Vol
| Cdk1-CIn3-Farl ) Cakt4———»Cd “LEytosol L= KMoyt g

I — nuc
., ~
: v £~ — dMcyt Vol
I Far1-p SEF/MBF, SBEMBE-Whi5 \ﬂUC/é’US I ktr “Mpye AV
: whisp T35 351 29 ' 17 P dt Volgy
| T v [ whise———wis —
' - SBF/MBF
| 1y 10
1 23 Wl% i \1 12
I 15-p ' CINT2 &0 CINT2 3
11— 2 1
: 1 AT Ch e~
: +| A M 13 yan Z
51
: 2 ———p UIDOG R, Ps TGL (Exp)
: - se @0 100 80 min
: T Ethanol 3‘% 54 240 min
e e e e e Cdk1-Cin1,2-4 h nucleus »Cdk1-Cin1,2
e j? | L @'C :ZV'_ Oleyt meye
cuk1.C|h5,ﬁ-5i.:1ﬁp4+cuk1-cm5,ﬁ-5ic1q CdK1-CIh5 § -Sict-d~—m-Cdk1-ClbS5 6 i ' dt  Volg,
» Po 33
48
Sic1-Gp-4 - Codk1-Clb5,6-4
18
5i[:14—9 BUDDING




Reproduction of experiments
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Interplay with signaling pathways
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Timing of Signal Activation Determines
Effect on Cell Cycle Progression
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Timing of Signal Activation Determines
Effect on Cell Cycle Progression
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Tool Development

SBMLmerge Tool for model integration based on SBML representation

SBMLannotate - compounds and reactions
SBMLcheck - for consistency and SBML compatibility ;* + ;/l: éf
SBMLmerge - merges valid models
SBML2dot - graphical output

http://sysbio.molgen.mpg.de/sbmimerge/
Schulz, Uhlendorf, Liebermeister & Klipp, 2006, Genome Informatics

SBML-PET Tool for parameter estimation based on SBML representation

» SBML import and export

» Various types of data

» Various mathematical expressions
» Discontinuous state changes

» Supports Events

http://sysbio.molgen.mpg.de/SBML-PET/
Zi & Klipp, 2006, Bioinformatics



Data Integration

Structural model

Stoichiometric matrix

Reversible reactions

Regulatory interactions
(activation/inhibition)

Enzyme data

Gibbs energies of formation
Reaction Gibbs energies
Equilibrium constants
Turnover rates
Michaelis-Menten constants

Activation and inhibition
constants

Metabolic data

Metabolite concentrations
Reaction fluxes

Protein concentrations/
Gene expression data

'

Kinetic model

i

l

on enzyme kinetic data

D consistent parameter sets based » E Refined parameter sets based on
enzyme kinetic and metabolic data

-

measured
parameter x

true X

likelihood

T

g . yrd posterior
observed X -~~~ -—--——- -~

basic paramater 8

Assignment of Kinetics

Reaction network

+ thermodynamic info

+ kinetic info from DB

+ Convenience kinetics

Bayesian estimation
1. Parameter distribution

+ metabolomic data
+ genomic data

Bayesian estimation

2. Parameter distribution

Liebermeister & Klipp, submitted




Conclusions

» Mathematical models of cellular processes allow for a testable

representation of experimental knowledge.
» Models allow integration of diverse data and information.
> Modeling reveals regulatory properties of cellular network.

» The temporal organization of cellular events is critical to
understand stress response — besides network structure and

parameter values.




—
ature

iotechnolog

dX)fdt=vg—v

dXyfdt=Dv) vy vy

dXyfdt =va— vy +vy—vs
dX, fdt=vy—v,

ANADHSdt = vy — vy + vy +4vs - vy

dATPfdt = ~2v) + vy + Wy -y

Systems Biology

in Practice

v
=5

Group

Wolfram Liebermeister

Jorg Schaber BS(O

Simon Borger

René Hoffmann
Bente Kofahl
Sebastian Schmeier
Judith Wodke
Anselm Helbig

Marija Cvijovic

Zhike Zi

Christian Waltermann
Jannis Uhlendorf
Marvin Schulz

Axel Kowald

MPI Molecular Genetics

Roland Krtger
Reinhart Heinrich
Humboldt University Berlin

Stefan Hohmann
Bodil Nordlander
Per Sunnerhagen
Thomas Nystrom
Goteborg University

Peter Gennemark
Chalmers University Goteborg

Lilia Alberghina

Matteo Barberis BY14

Romilde Manzoni
University Milano Biccoca

Matthias Peter
Fabian Rudolf
Serge Peletier
ETH Zirich

Francesc Posas
Miguel-Angel Andrade Nadal
U Pompeu Fabra Barcelona

=yt Acknowledgements

Funding is appreciated from

GEFORDERT VOM

$ Bundesministerium
fiir Bildung
und Forschung

99 Cell
Deutsche Dynamics
Forschungsgemeinschaft —} 0
DFC GK | Evolution

= PPP Schweden

DAAD

# J) (“,

Marie Curie Actions

Humsn Ressarces and Mabsbty Aztoty

Early Stage Training
Systems Biology

— ENFIN @

The Yeast Systems Biology Network YSBN



Max Planck Institute
Molecular Genetics

in Practice

Textbook on Systems Biology

By Klipp E, Herwig R, Kowald A, Wierling C, Lehrach H
WILEY-VCH, 2005

ICSB 2006, Yokohama Edda Klipp 26



s .l|l|_|I'L .
Wiotechnologgy

=4

Kinetic

== Acknowledgements

dXyfdt=Dv) vy vy

dXyfdt =va—vy+vy—vs
aXfdf=vy—v,

dNADH = vy — vy + vy + v ¥y
dATPfdt = ~2v) + vy + Wy -y

Systems Biology
in Practice

http://www.molgen.mpg.de/~ag_klipp



	Timing of Stress Response
	Signaling Pathways in Baker‘s Yeast
	Experiments w.r.t. Stress Response
	Yeast: Response to Osmotic Stress
	Modeling Pipeline
	Osmostress Response – Full Model
	The Standard Experiment
	Osmotic stress model: Test cases
	Osmotic stress: Different stress levels
	Osmotic stress response: What is the impact of specific components over time ?
	Signaling Pathways in Baker‘s Yeast
	Pheromone Response
	Integration assessment
	Integration of Signaling Pathways
	Yeast Cell Cycle
	Network controlling the G1 to S transition
	G1 to S transition: Model results
	Interplay with signaling pathways
	Timing of Signal Activation Determines Effect on Cell Cycle Progression
	Timing of Signal Activation Determines Effect on Cell Cycle Progression
	Tool Development
	Data Integration
	Conclusions

