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wl-ial Classical approaches
in theoretical biology
(1)-The phenomenology

Snapshot of the system = Abstraction
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Classical approaches
in theoretical biology
(2)-The reductionism
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wl-iﬂl Systems Biology

*+ Reconstruction of dynamic systems from the
properties of their elementary building blocks

+ Made possible by large-scale data production
& improvements of computing power and technics

*+ Cybernetics properties are conserved across systems
(control theory: feedback, feedforward, robustness...)
Relationships between building blocks are more
important than their elementary properties.

The theoretical treatment is already available.

+ A New Era:
Pre-molecular Biology was descriptive
Molecular Biology made Biology explicative
Systems Biology makes Biology predictive
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Different approaches

Grand Probability function: P(X,t)

deterministic approach: (X,t)=f(X",t-1)

stochastic approach: P(X,t)/(X',t-1)
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“M-'EBI A simple oscillating system
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wl-EBI A simple oscillating system
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wl{m A simple oscillating system
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A simple oscillating system

il |

G ~R ~L  »D
b u

Lotka, A.J. 1925. Elements of physical biology.
Williams and Wilkins, Baltimore, M.D.

Volterra, V. 1926. "Fluctuations in the Abundance of a Species
Considered Mathematically," Nature 118, 558-560.

Predator-Prey model:

G = Grass

R = Rabbit (Snowshoe Hare)
L = Lynx

D = Death
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WBL-EBI

k1l
G+R » 2R

k2
R+L —» 2L
k3

L —» D
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ODE approach

d[R]/dt = k1[G][R]-k2[R][L]

d[L]/dt = k2[R][L] - k3[L]
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JL-EBI ODE approach

k1
G+R —» 2R

K> d[R]/dt = kK1[G][R]-k2[R][L]
R+L —» 2L

3 d[L]/dt = k2[R][L] - k3[L]
L — D

- Euler

dLl/dt ~ ([L] _ —[L]) /At = f([L]t)
L] = [L] + f(IL]t) x At

- 4™ order Runge-kutta

[L],,, =I[L] + At x (F +2F +2F +F,) /6
with F. = f([L],t)
F,o= f([L], + At/2 X F_, t+ At/2)
F. = f([L],+ At/2 X F_, t+ At/2)
F, = f([L] + At X F,, t+ At) )
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Set up the simulation
Initial amount Reaction rates
A ki
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simulation parameters
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MBL-EBI Beyond Mass Action Law

@‘ d[P] kcat

s ' »p T = [E]
_ y dt Km
cat o
S< »ES e P 1+
Km [S]

Leonor Michaelis, Maud Menten (1913).
Die Kinetik der Intertinwerkung, Biochem. Z. 49:333-369.
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3L-EBI Beyond Mass Action Law

@‘ d[P] kcat
S ' »p =[]

_ dt Km
S  —»ES  » P

Leonor Michaelis, Maud Menten (1913).
Die Kinetik der Intertinwerkung, Biochem. Z. 49:333-369.

- Allosteric regulations (] Monod, ] Wyman, JP Changeux 1965,
DE Koshland, G Nemethy, D Filmer 1966)
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Beyond Mass Action Law

@‘ d[P] kcat
S " » P = [E]

_ dt Km
S<* % ES — » P

Km [S]

Leonor Michaelis, Maud Menten (1913).
Die Kinetik der Intertinwerkung, Biochem. Z. 49:333-369.

- Allosteric regulations (] Monod, ] Wyman, JP Changeux 1965,
DE Koshland, G Nemethy, D Filmer 1966)

Metabolic Control Analysis (H Kacser, JA Burns 1973)
Biochemical Systems Theory (M Savageau 1969)
Stoichiometric Network Analysis (R Heinrich,

SM Rapoport, TA Rapoport 1997 )
Logical representations (R Thomas 1973)
Petri Net (VN Reddy, ML Mavrovouniotis, MN Liebman) )-
etc.
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L-EBI | imitation of deterministic approaches

Continuous, deterministic models can’t cope with:
1. Protein complexes with many states
2. Sensitivity to a very small number of molecules
3. Spatial heterogeneity
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On small numbers

Substrate ]
1015 litres

. 1016 itres

Concentration (uM)

' 1017 litres

'_

Number of calcium ions in a dendritic spine = 3-5 "
Computational
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wl'ml stochastic approach

¥+ Stochastic master equation (McQuarrie 1964)
# ~ grand probability function. Generally intractable

¥+ Gillespie method (Gillespie 1976)
#l Reaction-based stochastic algorithm. No representation

of individual particles. Fast!
¥+ StochSim (Morton-Firth et al. 1998) and other Monte-Carlo

methods

# Molecule-based stochastic algorithm. individual particles are
represented. Slow ...
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wl'm StochSim algorithm
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StochSim algorithm
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Kinetic constant to probability

k1l n(n+n0)At

_ Pl =
d[R]/dt = k1[G][R] N

A

k3 n(n+n0)At
d[L]/dt = -k3[L] P3 =

Ny

n: # molecules in the system
n,: # pseudomolecules in the system

V: volume of the system
N,: Avogadro constant

=
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pathological situations
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File I Units Tools I Options Graphs

start {variable dt} Start stinulus Stop -
Runtine (sec) || 10200 dt = 0.005 Current tine [[10196
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Schenatic I Select deno...

Selecting model: 03_HAPK_PEC_bistable_feedback

t=0 Starting zimulation, stinulus is at baseline,

t=h0} System zettles to baseline,

t=900 Applying subthreshold stimnulus of 0,12 nH PDGF.

t=1200 Terninating PDGF stinulus

t=1800 System returning to baszal activity

t=3600 Applying strong stinulus of 0,01 ul POGF,

t=3900 Terninating PDGF stinulus

t=4500 System settlesz to upper stable state

t=6000 Applying =subthreshold inhib stimulus by reducing Ca to 10 nH
t=6300 Terninating inhib stinulus

t=6900 System recovers its actiwvity

t=7500 Applying long, strong inhib stimulus by reducing Ca to 1 nH
t=8400 Terminating inhib stinulus

t=10200 System returnz to lower stable state,




Parameter search

Very often, parameters are unknown or uncertain. If sets of input and
output are known, one can launch an exploration of a whole range of
parameter values by an iterative process. Many algorithms are available:

evolutionary algorithms (e.g. Genetic Algorithms)
stochastic algorithms (e.g. Simulated Annealing)
gradient-descent methods (based on derivatives)

direct search methods (e.g. amoeba algorithm)
etc.

One possibly need thousands of iterations, that is a demanding
computation, even for limited models. However, since the iterations
are represent independent simulations, distributed or parallel
computing are possible.
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L-EBI Bacterial chemotaxis

Attractan reverse
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Bacterial chemotaxis
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WBL-EBI Modular multi-scales
multi-algorithms program

Whole-neuron
Cable theory
Lum-1m
Ims-1lweek

L
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’“l-iﬂl Modular multi-scales
multi-algorithms program

—

Whole-neuron """‘9
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NBL-EBI Modular multi-scales
multi-algorithms program

Whole-neuron
Cable theory
Lum-1m

Ims-1week \»

Dendritic spine
Diffusion, PDE

100nm-1pm B
1ms-1s
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NBL-EBI Modular multi-scales
multi-algorithms program

Whole-neuron
Cable theory
Lum-1m

Ims-1week \»

Synapse

Stochastic algorithm Dendritic spine

1nm-100nm Diffusion, PDE

lus-1ms 100nm-1pm )

Ims-1s
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31-EBI E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading

translation k *
. »>ke
potentiation k LA J inhibition k
translation i > i >
catalyse j
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WBL-EBI E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading

translation k *
. »>ke
potentiation k LA J inhibition k
translation i > i >
catalyse j

variable |

variable i

variable k
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WBL-EBI E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading

translation k *

.. »ke
potentiation k U J inhibition k
translation i > i >

catalyse j

catalyse j
\(ExpressionFquProcess)

- .
translation i

(GillespieProcess) variable k

~
%
translation k
(GillespieProcess)
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w[-[m E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading

translation k *

.. »ke
potentiation k U J inhibition k
translation i > i >

- .
translation i

(GillespieProcess) variable k

~
%
translation k
(GillespieProcess)
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w[-[m E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading

translation k *

.. »ke
potentiation k U J inhibition k
translation i > i >

catalyse j

catalyse j
\(ExpressionFquProcess)
inhibition k h

(MassActionFluxProcess)

variable i

/

potentiation k
(MassActionFquProcess)

e

translation i
(GillespieProcess)

~
%
translation k
(GillespieProcess)
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w[-im E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading

translation k v
- .. >k0
potentiation k J inhibition k
translation i >
catalysej
catalyse j
\(ExpressionFquProcess)
Stepper A ( nhibition k )
(ODEA45Stepper) : .\
4 (MassActionFluxProcess) N variable j
N
potentiation k < \
(MassActionFluxProcess))] X variable i
& %
a translation i h _
Stepper B 9 (GillespieProcess) ) variable k
(NRStepper) P
ot2 translation k
(GillespieProcess) B
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NBL-EBI E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading

translation k v
. >k0
potentiation k J inhibition k
translation i >
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(MassActionFluxProcess), © | variablei
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MBL-EBI The collaborative approach

deterministic ™~ stochastic
4 N
VCell _~all MesoRD MCell
E-Cel SmartCell :
GENESIS ~ StochSim
Whole-cell /
SBW DB interface
BioSPICE Ce||DeS|gner KEGG
. Jarnac NEOSIM Reactome
Gepasi
' ?
N g GRID. RPC Gene expression?

Cell remodeling?

All these programs speak SBML (:SML .”
(Systems Biology Markup Language)
ormpautaLrone
Neurobiology
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Systems Biology
Markup Language

home * contacts * documents * downloads * FAGs * forums * Leveld * models * news * online tools * wiki * workshops

A Tool-Neutral Exchange Format

The Systems Biology Markup Language (SEML) is a computer-readable format for representing models of
biochemical reaction networks. SENML is applicable to metabolic networks, cell-signaling pathuways,
regulatory networks, and many others,

Internationally Supported and Widely Used

SBML has been evolving since mid-2000 through the efforts of an international group of software developers
and users. Today, SEML is supported by over 60 software systems, including the following (where ™'
indicates ZBML support in development):

EALSA Cellerator JDesigner Modesta SClpath
EASIS Cellware JiggCell Moleculizer Sigrnoicd®
BiaCharaon COP&SI J5IM M ORAT SigPath
hiocye2SBML Cytoscape Jeg® Moo SigTran
BioGricd DEsolve Karyote® MetBuilder Simpathica
EinMetGen Dizzy KEGG2SEML Fathast Sirmiz
Eio Sketch Pad E-CELL Kinsolver® FathSoout StochSim
Drashboard ecelld lin 5B ML PalE Sy S5TOCKS
EinSpreadsheet ESS LIOM Target Endine  Fathway Builder  Trelis
BiolIML FluzAnalyzer Math SERML ProcessDE” Wirtual Cell
ESTLak Gepasi MesaRD Fy5Ces” WLK Suite
CaADLME IMSILICO discovery Metabologica SEMLTookbox  WinSCAMP
CellDesigner Jarnac MMT2 SEW

A Free and Open Language

Advances in biotechnology are leading to larger, more complex models. The systems biology community
needs information standards if models are to be shared, evaluated and developed cooperatively. SEML's
widespread adoption offers many benefits;

« Enabling the use of multiple tools withowt rewriting models for each tool

» Enabling models to be shared and published in a form other researchers can use even in a different
software environment

« Ensuring the survival of models (and the intellectual effort put into them) beyond the lifetime of the
software used to create them

=
LibSBML 2.2.0 Released!
Gotoberd, 200t A new version of IBSERL is now available.
1f 5 full of new features, including support for Lisp and Ped.
read more

=
HathSEML 2.4.0 Released!

(Eeptenber 24, 20040 A mew version of Math SERL i5 now
aailable. 1t adds new feachires and support for even more SEML
and ath bl consfucts.

read more
|

P
| SEMLToolbox 1.0 Released!

(September 24, 20045 SEMLToolbox lets won work with SEML
models in MATLAE. It provides functions for reading and writing
SERL, converting and manipulating models, and more.

| read more

| Forum meeting in October
(Eepdamber 10, S04 The nextSBML Fomm meeeting will be
october 14 15, Haht after 1S 56 2004 in Heidelberg, German,
| read more

| Announcenent MesoRD

(Eepanher B 2004 Wesa RO s a stochastic simulator of
reactions and diffusions in space. 1timplements & new simulation
method and suppotts SERL.

pead more

See older news items.

Does Your Software Subbort SBML?

m 22 gl

==



C M Systems Biology
Markup Language
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File Edit %iew Help ||

=sbhml xmlns="http://www.sbnl.org/shnl/levell” level="1" version="2"=
<model pame="LotkaVolterra"=
<listOfCompartments>
=compartment volume="le-0Z1" name="compl" /=
</list0fCompartments>
<list0fSpecies=
=species compartment="compl" initialAmount="0" name="D[" units="mole" />
<species compartment="compl" initialAmount="1.7e-21" name="L" units="mole" /=
</list0fSpecies:>
<list0fReactions=
=reaction pame="_2"=»
<list0fReactants>
<speciesReference species="L" /=
</list0fReactants=>
<list0fProducts>
<speciesReference species="[0" /=
=/list0fProducts=
<kineticLaw formula="(kf * L - kr * D) * compl”=
<listOfParameters>
<parameter value="5000" name="kf" /=
<parameter value="0Q" name="kr" /=
</list0fParaneters>
</kineticlLaw>
<notes=>
<hbody xmlns="http://www.w3 org/1999/xhtml">
<p=Lynx dies</p=
</body=
</notes>
</reaction>
</list0fReactions>
</model >

</sbml> IETF mime-type: application/sbml+xml
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WBL-EBI

Cellular Neurobiology today
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Cellular Neurobiology today
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Cellular Neurobiology today

Enmpr':r!aﬂnnﬂf
EMBL PhD students - 18 Octobre 2004 Neufobiologyy




L-EBI

In Computational Systems Biology
the bottleneck is often the data,
not the tool
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