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•• Systems Biology: why?Systems Biology: why?

•• Systems Biology: what?Systems Biology: what?
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•• Examples:Examples:

–– Pattern formationPattern formation

–– Simpler than complexity; more complex than  simpleSimpler than complexity; more complex than  simple

–– RobustnessRobustness

–– Differential networkDifferential network--based drug targetingbased drug targeting

–– The silicon/virtual humanThe silicon/virtual human

The human genome sequence…:The human genome sequence…:
we have all the components ……we have all the components ……

•• 12 068 12 068 kbpkbp, a few , a few 
transcriptomestranscriptomes, an , an interactomeinteractome
(?), parts of the (?), parts of the metabolomemetabolome
further …. and ……. …………further …. and ……. …………
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We (can) know ‘everything’ …… ……We (can) know ‘everything’ …… ……

NISB

but can we now cure our diseases?but can we now cure our diseases?

Or has it led to a Babylonian 
language/data confusion?

Brueghel

NISB

With every new publicationWith every new publication

we understand less of the essencewe understand less of the essence
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A problem such as that of A problem such as that of MargritteMargritte
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We can see the all the pixels of the pipe, but 
this is not the essence of the pipe itself: 

It is a lifeless image

Then we’d rather have a less precise image Then we’d rather have a less precise image 
that conveys more of the essencethat conveys more of the essence

Systems Biology 
needs new creative
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Picasso

needs new, creative 
ways of looking at 
biological networks
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•• Systems Biology: why?Systems Biology: why?

•• Systems Biology: what?Systems Biology: what?
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•• Examples:Examples:

–– Pattern formationPattern formation

–– Simpler than complexity; more complex than  simpleSimpler than complexity; more complex than  simple

–– RobustnessRobustness

–– Differential networkDifferential network--based drug targetingbased drug targeting

–– The silicon/virtual humanThe silicon/virtual human

We (can) know all the components.We (can) know all the components.
What is missing?What is missing?
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Life arises not just in the isolated molecules Life arises not just in the isolated molecules 
but in their but in their dynamicdynamic communicationcommunication
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NISB

Systems BiologySystems Biology

the Sciencethe Science
of emergenceof emergence

of function in interactionsof function in interactions

NISB

The Arts (?)The Arts (?)

Nontrivial ways ofNontrivial ways of
representing & creatingrepresenting & creating
thereby understandingthereby understanding
nonnon--material  realitymaterial  reality

NISB

Systems BiologySystems Biology

the Sciencethe Science
of emergenceof emergence

of function in interactionsof function in interactions
Understanding nonmaterial basis of Understanding nonmaterial basis of 

functional realityfunctional reality
=the Art of Biology=the Art of Biology
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•• Systems Biology: why?Systems Biology: why?

•• Systems Biology: what?Systems Biology: what?
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•• Examples:Examples:

–– Pattern formationPattern formation

–– Simpler than complexity; more complex than  simpleSimpler than complexity; more complex than  simple

–– RobustnessRobustness

–– Differential networkDifferential network--based drug targetingbased drug targeting

–– The silicon/virtual humanThe silicon/virtual human

An example: The principle of An example: The principle of 
Molecular BiologyMolecular Biology

DNA determines mRNA DNA determines mRNA 
determines protein determines protein 
determines functiondetermines function

DNADNA

RNARNA
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RNARNA

EnzymeEnzyme

ProcessProcessChemical 1Chemical 1

Is everything prespecified by the genome?Is everything prespecified by the genome?

•All cells have the same DNA

•What causes the 
diff ti ti h
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?differentiation, sharp 
transitions, alternation?
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Turing modelTuring model
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•• Intracellular morphogen Intracellular morphogen 
stimulates its own stimulates its own 
productionproduction
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•• Extracellular morphogen Extracellular morphogen 
stimulates the breakdown stimulates the breakdown 
of intracellular morphogenof intracellular morphogen

•• Extracellular morphogen Extracellular morphogen 
produced also by produced also by 
neighboring cellsneighboring cells

( 11 2 +−− ++⋅≈ iiiiout XXXkX

Is it all selfIs it all self--organization?  No; the cells use different organization?  No; the cells use different 
promoters even for the repeated identical parts!  promoters even for the repeated identical parts!  
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NISB

More on this:More on this:

--John Sulston John Sulston (who recommended (who recommended 
this topic)this topic)this topic)this topic)
--Jim Jim HaseloffHaseloff (self organization)(self organization)

--Boris Boris AdryanAdryan (next talk)(next talk)
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•• Systems Biology: why?Systems Biology: why?

•• Systems Biology: what?Systems Biology: what?
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•• Examples:Examples:

–– Pattern formationPattern formation

–– Simpler than complexity; more complex than  simpleSimpler than complexity; more complex than  simple

–– RobustnessRobustness

–– Differential networkDifferential network--based drug targetingbased drug targeting

–– The silicon/virtual humanThe silicon/virtual human

Genomics: a bag of genesGenomics: a bag of genes
Non functional complexity?Non functional complexity?

Can of worms?Can of worms?
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See earlier See earlier 
presentations bypresentations by
MadanMadan BabuBabu and and 

Chris HunterChris Hunter

Or somehow,Or somehow,
simplicity?simplicity?
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The molecular sociology of Life, exactlyThe molecular sociology of Life, exactly
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Systems BiologySystems Biology

Since living organisms are Since living organisms are 
networksnetworks

We need to understand them as networks,We need to understand them as networks,
because not just any way of networking worksbecause not just any way of networking works
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First: a roadmap; cellular First: a roadmap; cellular 
geographygeography
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The yeast consensus metabolic map:The yeast consensus metabolic map:
a genome scale metabolic modela genome scale metabolic model
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MCISB

Genomics: a bag of genesGenomics: a bag of genes
Non functional complexity?Non functional complexity?

Can of worms?Can of worms?
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But most of the traffic is not But most of the traffic is not 
everywhereeverywhere

?
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?

?
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Non functional complexity?Non functional complexity?
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--2 ATP2 ATP

Neither maximally Neither maximally 
efficientefficient
Nor simplestNor simplest
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2 ATP2 ATP

2 ATP2 ATP

Mainly alcoholMainly alcohol
Some taste moleculesSome taste molecules

Systems Biology: the Arts of BiologySystems Biology: the Arts of Biology

•• Systems Biology: why?Systems Biology: why?

•• Systems Biology: what?Systems Biology: what?
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•• Examples:Examples:

–– Pattern formationPattern formation

–– Simpler than complexity; more complex than  simpleSimpler than complexity; more complex than  simple

–– RobustnessRobustness

–– Differential networkDifferential network--based drug targetingbased drug targeting

–– The silicon/virtual humanThe silicon/virtual human

NISB

HypothesisHypothesis

Networking enhancesNetworking enhancesNetworking enhances Networking enhances 
robustnessrobustness

Michelangelo
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NISB

Dynamic robustness of Dynamic robustness of 
isolated processes =1isolated processes =1isolated processes 1isolated processes 1

Is the dynamic Is the dynamic 
robustness in robustness in 

networks larger?networks larger?

Mathematical copies of  pathways in living cells on the Mathematical copies of  pathways in living cells on the wwwebwwweb

Westerhoff Westerhoff Westerhoff et alet alet al., London 20101110., London 20101110., London 20101110 Systems Biology: the Art of Biology

Robustness of vital flux of Trypanosomes Robustness of vital flux of Trypanosomes in in silicosilico
visvis--àà--vis vis perturbation ofperturbation of various various glycolyticglycolytic stepssteps

stepstep RobustnessRobustness
GlctrGlctr 1.11.1
GAPdhGAPdh 4242
HKHK 4242
PGIPGI 15461546

Question: Question: 

Is robustness higher (than 1) Is robustness higher (than 1) 
in networks of  living cells?in networks of  living cells?
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PGIPGI 15461546
PFKPFK 234234
ALDALD 3838
TPITPI 482482
GDHGDH 6666
GPOGPO --251251
PGKPGK 6161
PKPK 691691
ATPaseATPase 27442744
GlyKGlyK 389389

Answer: Answer: 

Yes, most robustnesses Yes, most robustnesses 
in networks in living in networks in living 
organisms are large; organisms are large; 
average is 468 hereaverage is 468 here

Over the entire JWS live model collectionOver the entire JWS live model collection

•• Networks of Life Networks of Life 
enhance enhance 
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robustnessrobustness

NISB

And, by the wayAnd, by the way
d d dd d dWe discovered a drug target….We discovered a drug target….

TrypanosomiasisTrypanosomiasis
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NISB

NetworkNetwork--based drug design:based drug design:

Find the most fragile step in the networkFind the most fragile step in the network

Robustness of vital flux of Trypanosomes Robustness of vital flux of Trypanosomes visvis--àà--
vis vis perturbation ofperturbation of various glycolytic stepsvarious glycolytic steps

stepstep RobustnessRobustness
GlctrGlctr 1.11.1
GAPdhGAPdh 4242
HKHK 4242
PGIPGI 15461546
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PGIPGI 15461546
PFKPFK 234234
ALDALD 3838
TPITPI 482482
GDHGDH 6666
GPOGPO --251251
PGKPGK 6161
PKPK 691691
ATPaseATPase 27442744
GlyKGlyK 389389
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•• Systems Biology: why?Systems Biology: why?

•• Systems Biology: what?Systems Biology: what?
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•• Examples:Examples:

–– Pattern formationPattern formation

–– Simpler than complexity; more complex than  simpleSimpler than complexity; more complex than  simple

–– RobustnessRobustness

–– Differential networkDifferential network--based drug targetingbased drug targeting

–– The silicon/virtual humanThe silicon/virtual human

The virtual/silicon humanThe virtual/silicon human

T. brucei…..Westerhoff et al.Westerhoff et al.
liver

Hepatosys (BMBF); Bogle et al.Hepatosys (BMBF); Bogle et al.

NobleNoble et al.et al.
Web services Web services 
interfacedinterfaced
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HolzhHolzhütter et al.ütter et al.

Red blood cell

brain

pancreas

muscle
…….

Westerhoff et al.Westerhoff et al.
organismorganism

levellevel

heart

Tokyo declarationTokyo declaration

models of 
modules;

Software 
engineering;

e.g.

Bogle
Doyle et al.Doyle et al.

FEBSXFEBSX--SysBioSysBio 20112011FEBSXFEBSX--SysBioSysBio 20112011FEBSXFEBSX--SysBioSysBio 20112011
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