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1. Introduction and Aims

Understanding Extracellular Signal-Regulated Kinase (ERK) activation
kinetics is crucial for understanding cellular processes such as
proliferation and differentiation [2]. Ordinary Differential Equation
(ODE) models of the Epidermal Growth Factor (EGF) stimulated ERK
signalling pathway depend on over 50 unknown parameters, yet
Vyshemirsky et al. were recently able to use Bayesian inference to
conclusively select one of four competing models based on timecourse
data of ERK alone [2]. Additionally, Gutenkunst et al. have done
important work demonstrating that most of the degrees-of-freedom in
ODE systems biology models are essentially unimportant [1]. They term
this apparently universal property of biochemical systems models
'sloppiness’. In this work we find sloppiness in two ERK signalling

models, and analyse this in the context of parameter inference.

2. Methods

Following [1], we define a sum-of-squared-residuals log-likelihood, and
analyse the sloppiness with a local perturbation analysis. To minimise
errors due to a lack of data, we simulate 4000 timepoints per species,

adding a Gaussian noise term.
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3. Sloppiness

The eigenvalue spectra of the Fisher Information matrices for the fully

observed models are sloppy. The leading eigenvalue in each case is an

order of magnitude larger than the next largest, and the magnitudes of
all the eigenvalues range over
several decades in log-space. In
each case, the 6 smallest
eigenvalues in the models
represent parameters
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which were set to zero in our

simulations.
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Equation 2: The second derivative of the

0 10 20 30 40 50 60 log-likelihood, evaluated at our operating
point, is equivalent to the Fisher
Information matrix [3]. Performing a
singular value decomposition of this matrix,
we obtain the sloppy spectra of eigenvalues
depicted in the figures on the left.
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Figure 2: The sloppy spectra of the log-
eigenvalues obtained from a
decomposition of the Fisher Information
matrices for the fully observed models.
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4. Fisher Information

Thanks to the Cramer-Rao bound, we can interpret the trace of the inverse

of the Fisher Information matrix as a lower bound on the parameter

variance estimates [3]. We use the inverse of the largest eigenvalue as a

crude measure of this bound, and therefore we interpret the largest
eigenvalue as a measure of the Fisher Information content of a set of
observations. To gain an insight into how this measure varies across the
models, we repeat our analysis for single species observations, for every
species in the model. The results, depicted below, show a striking variation

in information content of species across the models.
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5. Conclusions

Both of the ERK signalling models considered in this work are sloppy,
providing further support to Gutenkunst's contention that sloppiness is a
universal feature of biochemical systems models. We find qualitatively
similar sloppy eigenspectra to those found in [1], and we use the parameters
implicated by the main eigenvectors to identity potentially important
subnetworks. Finally, we find that some single species observations have

notably larger Fisher Information than others. Further work is needed to

investigate the implications of this analysis for model identifiability.
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