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1 Introduction

Inducible genes controlled by signalling cascades may be regulated as two-state
on/off switches or by a quantitatively regulated gradual mode [1, 2]. We describe
a novel stochastic model of the interface between signal transduction and tran-
scription initiation that accommodates both possibilities. The main challenge
has been the need to reconcile the dynamics of a single copy of each gene in-
teracting with a large population of signalling molecules. We utilise the model
to provide several predictions of transcription initiation profiles that are mutu-
ally compared and interpreted with respect to the current biological knowledge.
Since the experimental input is the profile of signalling effector activity, only the
quantitative parameters at the level of signalling are fitted to in vitro data. We
show that, despite the impossibility to observe transcription initiation events
experimentally, the model still allows us to infer interesting and new insights
on the phenomenon. Our approach dissects the characteristics of this interface,
an essential step towards developing more comprehensive quantitative models
encompassing gene regulation and initiation.
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Fig. 1. A 3-state model of the transcription ini-
tiation process incorporating the (un)binding
processes of the transcription factors.

The overall model illustrated in
Figure 1 consists of two modules:
a signalling transduction pathway
(SIG), and a single transcription
unit (TU) controlled by a single
transcription factor (TF) binding
to the promoter of the respective
gene. The two modules are con-
nected via an interface that iso-
lates the mechanisms modulating
the chemical activity of the TF.
In our abstraction SIG provides a
time-variable input for TU representing the activation profile of the final kinase
(KK P). We consider two activation profiles: the kinase p38 and the kinase JNK.
The role of the interface is to adequately map the evolution of a relatively large
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Fig. 2. Sigmoidal regulation profiles for different parameters (left) and corresponding
initiation curves (right), run over the simplified model.

population of the regulatory components (modelled using Michaelis-Menten dy-
namics) to a single copy of the gene promoter containing the transcription unit.
The behaviour of a single promoter is significantly affected by stochastic fluctu-
ations. The interface is characterised by regulatory functions (fdir ,findir) that
control transition rates in TU over time as a function of the population of K PP
and TF. We consider the two variants of regulation functions: switch-like (discon-
tinuous) function and sigmoidal (gradual) function. We assume the deactivation
rates (deact) are constant and there is no feedback from TU to SIG.

Results

We begin with a simplification of the 3-state model (states E0 and E2 have been
merged) that qualitatively matches the outcomes and allows us to minimize the
number of quantitative parameters of the transcription initiation mechanism.
Figure 2 (right) displays execution runs of the simplified model for different
parameters of the sigmoidal regulation functions. Clearly, the similarity of the
initiation profiles (right plots) with the regulation curves (left plots) highlights
the importance of the interface module in our model. Our results provide evi-
dence that the form and the values of the parameters of the regulation functions
have the greatest influence on the transcription initiation profile.

The results demonstrate the veracity of our biological hypothesis that it is the
modelling of the interface module, the junction between signalling pathways and
the gene, which has a pronounced influence on the quantitative induction profile.
Our investigations need to be pursued to further distinguish the sigmoidal and
switch regulation functions mathematically, which could help us to identify the
biological meaning of the parameters that, according to Figure 2, determine the
shape of the induction profile.
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