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Mitogen activated kinase cascade

 Mitogen activated protein kinase (MAPK) 
cascades are ubiquitous signalling modules that 
couple receptor mediated events at the cell 
surface to cytoplasmic and nuclear effectors.

 MAPK signalling cascades – signal-relay 
mechanism involves sequential phosphorylation 
of three kinases (Ser/Thr protein kinases).

 Involved in many cellular processes such as cell 
proliferation, differentiation, movement, survival 
etc.). Widely conserved among eukaryotes.

 The cascade arrangement has important 
consequences for the dynamics (like switch or all-
or-none and oscillatory activation pattern) of 
MAPK signaling

http://www.nature.com/nrm/journal/v5/n6/box/nrm1400_BX1.html
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Huang and Ferrell 1996

 the cascade was modelled as a simple linear chain of subsequent phosphorylations and 
dephosphorylations

 mass action kinetics were employed for reactions and complex formations

 the parameters and concentrations were only roughly estimated from experimental 
results

Huang and Ferrell 1996



Utrasensitivity

a term coined by Goldbeter and Koshland 
for response curves steeper than a pure 
Michaelis Menten curve => dependence 
of output on signal strength greater than 
just linear, giving an S-shaped or sigmoid 
response curve

an enzyme showing a typical Michaelis-
Menten behaviour requires an 81 fold 
increase of substrate/signal to go from 
10% to 90% maximal activity/response

 more noise resistant

 can convert a graduated signal into an all or 
nothing response =  buzzer/switch like 
behaviour

 can be compared to Hill functions  (out = sh/
(Kh+sh)) in which  h>1 indicates ultrasensitivity

out=sh/1sh



Huang and Ferrell 1996

Results:

 the model of the MAPkinase cascade can show 
ultrasensitivity of the output to the input strength, 
although each of its levels in isolation displays 
sensitivity similar to the MM curve

 the experimental results in Xenopus laevis oocytes 
is roughly reproduced with the model 

Huang and Ferrell 1996
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Kholodenko 2000

 the cascade was modelled as a simple linear chain of subsequent phosphorylations 
and dephosphorylations with a negative feed back loop

 Michaelis Menten kinetics were assumed for kinase and phosphatase reactions

Kholodenko 2000



Kholodenko 2000

Results:

 negative feedback of MAPK-PP on the activation of MAPKKK can lead 
to sustained oscillations of MAPK activity

 oscillatory MAPK activation has been found in various systems (eg.: 
Dictyostelium cAMP dependent signalling (Maeda et al 2009) and 
Yeast pheromone response (Hilioti et al. 2008))
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Markevich 2004

 This model focus on the final level 
of the MAPK cascade 

 explores  various different kinetic 
mechanisms → we concentrate on 
the distributive, ordered Michaelis 
Menten kinetics with competitive 
inhibition

 concentrations and parameter 
values taken from estimates and 
experiments to be in a 
physiological range

Markevich 2004

Dual phosphorylation-dephosphorylation cycle of 
MAPK, in which both MAPKK and MKP follow 
distributive ordered kinetic mechanisms. M, Mp and 
Mpp stand for the unphosphorylated, 
monophosphorylated and biphosphorylated forms of 
MAPK.



Bistability

 over a certain region of 
signal, a system shows two 
steady states

 the system can switch state, 
either if the signal goes over 
the activation or fall under the 
deactivation threshold

 the system exhibits a memory 
effect, also known as 
hysteresis

Kenneth L. Ho, Heather A. Harrington: Bistability in Apoptosis 
by Receptor Clustering; PLos Comp. Biol. 2010  6(10): 
e1000956. 



Markevich 2004

 amount of active MAP kinase (Mpp) 
depends on the signal (active 
MAPKK)

 in a certain range of signal strength, 
two stable activity states coexist (S

1 

and S
3
)

 in the bistable range, the systems 
state depends on the history of the 
system – memory or hysteresis 
effect

Markevich 2004
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