Towards a Systems Biology of RTK Signal Transduction
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INSULIN AND AFTER 50 YEARS OF
| INTENSIVE RESEARCH, WE
RECEPTOR NOW UNDERSTAND
PERFECTLY HOW INSULIN
THEN ACTS!
SOMETHING
HAPPENS A LONG WAY SINCE
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l CONCEPT!
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AND WE NOW UNDERSTAND
PERFECTLY THE BASIS OF
SIGNALING SPECIFICITY !
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A LONG WAY SINCE
THE BLACK BOX
CONCEPT!

INSULIN ACTION 2000
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The signaling
paradox

Redrawn for Dumont JE et al.,
Am J Physiol 283:C2-28, 2002




Insulin

action 2004

€«
rgi ptdr

GLUT4

oSORBS1 oHSG alphaZ

oPTRID -
s RS D ccpupy
OS0CE3

oP!
ZAETO OHLAR | oMAD2 “oAHSG
oC-terminal Sre kinase | oG4 “ogib?

oBeta dystroglycan ONFM-ALK Kinase

0CS5F1 clL3RE oCRAFPFZA OCEACAMI
oMk SCRKI OPLCGY OALK. oMT
aBLK K OSHIP ERBE1
DN 5 o | sousoeres o INNNSSNNN %P8 " ooy SNT s
sz Pl oTIETY,  oFRED oK T o oVE-Cadherin
OPaxiilin A SRA
epocian. o oo e R 72 [ e creen
0
G L U T4 oEpnAl GRS GRhoPR— s il 1433 gu1o0aap0RAIGDS cmtancazye Olffogin alphal batad J-ATPase E 2ITSNI
OPAK4 ipp 0E3B1] PCRK-

ol TCR{ 9PKC zatadl

alcy oPKC theta_oll K

ATCLIB
oMEDH OPKC alpha, 0IRS-1 | oM
oBTK oT5C1
&P110+pB5 ONUITT

OIGGAP2 otof
ofscz  aliP1

‘OHepSD
olQGAP1
oPKBgamma

CIKK alpha d

THEN
SOMETHING Lz

opypOPKN

HAPPENS o5 e

oPKGzeta CGPRKCG 0SGK2

. o14-3-
oPKA OPKCiota
oPKCbeta2 oPKBalpha
914-3-3-theta [«]

oCBP

QErg

cBC

oFra2 OAR

HOW DO WE
DEAL WITH THE
REMAINING
BLACK BOXES?
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Modeling of regulatory networks: how to
choose the best methods?

Directed and undirected graphs
Bayesian networks

Boolean networks

Generalized logical networks
Piecewise linear differential equations
Qualitative differential equations
Partial differential equations
Rule-based simulation formalisms

Groupoid theory
27?7
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How do we Integrate
cooperative ligand binding
Oor cooperative node
activation into models of
signalling networks?



Different ligand-induced receptor
dimerization/oligomerization models
(monovalent or bivalent ligand, one
Or more subsites per receptor...)
have different equilibrium and kinetic
caracteristics. Does this have
conseguences for the dynamics of
downstream signaling?

Bell-shaped curves!



YFP SOCS3 HIR CFP

Can we transform quantitative cellular
Imaging of protein
localization/interactions (FRET, BRET)
Into quantitative subcellular kinetics?
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THE REVERSE ENGINEERING PROBLEM

cDNA Microarray Gene Analysis
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The beginning?
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