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The concept of signaling cascades

A paradigm: the MAPK’s cascade
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Objectives of this talk

1. A short review of the math modeling of signaling cascades :

2. A new system of equations which challenges the concept of

only unidirectional « cascades »

3. Towards experimental confrontation ?



Modeling the basic unit of the cascade
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- 3 conservation laws
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V ET

 V  E T



The Goldbeter-Koshland model
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Ultrasensitivity

Phenomenological extension of the GK model
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Extension to the doubly phosphoryl. cascade
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Incidence graph

  ̇
 x i = Fi(K,x j ,K)

Jij (x) =
Fi
x j

(x) describes the (instantaneous)

 influence of unit j on unit i

  

˙ x i =
Fi

x j

(x) x j +L

i

j

+

+

+
Gives a signed and oriented graph:

The INCIDENCE GRAPH

Incidence graph of cascades and consequences
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Incidence graph of the MAPK’s cascades
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Incidence graph of the MAPK’s cascades

…

Only (feedforward) positive interactions

+ implicit positive feedback loops

gives possibly oscillations only

If there is an explicit negative feedback

Kholodenko (2000)

Gouzé (1998),  Hirsh (1985)

Yi-1
**

-

-
Yi-1

Yi
**Yi

Yi+1
**Yi+1

-

-

-

-

+

+

+

-



Conclusion:  the concept of cascade implies…
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Objectives

1. A short review of the math modeling of signaling cascades :

2. A new system of equations which challenges the concept of

only unidirectional « cascades »

3. Towards experimental confrontation ?



Existence of damped oscillations in the
mechanistic model
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Perturbation analysis of the mechanistic model
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A new reduced 1-variable model of the chain
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Extensions of the GK model to signaling chains

Negative backward feedback from the

following cycle in the chain due to

complex sequestration
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Extensions of the GK model to MAPK chain
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Properties revealed by the overlooked feedback

Damped temporal oscillations
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Properties revealed by the overlooked feedback

Xi

Non monotonous « spatial » profile and retrograde propagation
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Rem:  Stationary states of the reduced model are identical to the mechanistic (complete) system

Attenuation of ultrasensitivity

Rem:  Stationary states of the reduced model are identical to the mechanistic (complete) system
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Objectives

1. A short review of the math modeling of signaling cascades :

2. A new system of equations which challenges the concept of

only unidirectional « cascades »

3. Towards experimental confrontations ?

1) Modular Response Analysis

2) Prediction of stimulus-response curves

Modular Response Analysis method (MRA)

Kholodenko et al. (PNAS, 2002):
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Modular Response Analysis:

-perturb each module separatly
-compute the global response

coefficients:

-Deduce the local response matrix:
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‘total’ active enzyme

‘free ’ active enzyme

Santos, Verveer and Bastiaens,

Nat. Cell Biol. (2007) 
Our computation

Prediction of a reverse stim-resp curve

(Using the

Huang-Ferrel, PNAS 1996,

data parameters for

the vertebrate Erk1/Erk2

MAPK cascade)
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Prediction of reverse stim-resp curves

Using parameter of D. Levchenko, PNAS 1998

MAPK in the pheromone pathway in yeast
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Using parameter of Bhalla and Iyengar, Science 1999

MAPK pathway in neurons.
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Conclusions

1. A new model for signaling cascade with 1-variable per cycle

highlights the effect of a backward feedback due to protein

sequestration.

2. There are various consequences of this backward feedback,

e.g. possibily of temporal and «!pathway!» oscillations.

3. We predict the possibility of reverse stimulus-response

curves.

Applications for crosstalk ?
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