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Problem statement. Constructing a computational model for a biological sys-
tem consists of two main steps: (1) specifying the model structure and (2) deter-
mining the values for the parameters of the model. Usually, the model structure is
represented in the form of a biochemical reaction network and the parameters are
the reaction rate constants. The values of the reaction rates can be determined
by fitting the model to experimental data by performing parameter estimation.
However, the question remains whether the experimental data allow for unique
identification of the parameters. To address this problem, one could perform
a number of independent parameter estimations and investigate the range of
obtained values among those parameter sets that result in a good fit. From the
correlation of the obtained parameter sets one could, e.g., study whether only
certain parameters are identifiable. This approach requires an effective, efficient
and automatic way of performing estimation. In this study we concentrate on
the case of fitting a deterministic mathematical model of a biological process,
i.e., expressed in terms of a system of ordinary differential equations (ODEs),
and a number of its variants to multi-experiment steady-state data. We propose
a computational pipeline involving available software packages for achieving this
goal while keeping a balance between the optimisation time and accuracy.

Our approach. The number of steady-state measurements may be insufficient
to identify all the parameters of a model, especially when the number of param-
eters is larger than the number of measured species. To address this difficulty,
we take into account data of the so called knockout mutant models, i.e., variants
of the original model obtained by eliminating one or more interactions between
species. Since the knockout mutants of real biological systems can be obtained
and investigated in experimental practice as well as the physical/chemical prop-
erties are common for all variants, the steady-state measurements of the mutants
can enrich the set of data available for parameter estimation and make possible
the identification of model parameters. In our approach we assume that such
multi-experiment, steady-state data are available. The aim is to gather in an au-
tomatic way (to the possibly largest extent) a number of parameter sets that
result in a good simultaneous fit of all the mutants. The collected parameter sets
could further be used to investigate the parameter identifiability question.

We propose MATLAB as a control environment for the task of execut-
ing many independent parameter estimation runs. In the proposed computa-
tional pipeline the ODE-based knockout model variants are compiled with the
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SBTOOLBOX2 for MATLAB to C MEX files for efficiency. Parameter estima-
tion is performed using a pattern search optimisation algorithm provided in the
PSwarm global optimisation solver [1], mainly because (1) the solver provides
a pattern search algorithm, which assures a local minimum convergence and does
not require any information on the gradient of the score function and (2) the
search step of the algorithm is implemented as the particle swarm algorithm [2],
which makes it to a global optimisation algorithm.

Since the SBTOOLBOX2 does not provide any methods for an efficient and
direct computation of the steady-state, we estimate the steady-state values by
independently integrating each of the C MEX models to a point where a neces-
sary steady-state condition is satisfied, i.e., the norm of the difference between
points on the trajectory is less than a threshold. Since the accuracy depends on
this threshold, the main challenge is to find a balance between the computational
time and the accuracy of steady state estimation. To reduce the computational
time, we first perform model fitting with a threshold that results in a steady state
or a state close to a steady state but which can be reached with a relatively small
number of integration steps. Next, the obtained parameter values are taken to
COPASI for further optimisation with another direct method algorithm, i.e.,
PRAXIS, and a direct, efficient computation of a steady state.

Preliminary results. We apply the proposed approach to fit an ODE-based
model of the PDGF signalling pathway [3] to steady-state experimental data.
The model consists of 31 species and 40 reactions. Nine different variants of the
model are considered and 31 unknown parameters common for all the variants
need to be estimated. The experimental data are on the concentration of two
species at steady state. In total the data set consists of 18 measurements. The
models are implemented both in MATLAB and COPASI. The simultaneous
implementation of all nine mutants in COPASI results in 279 ODEs.

One parameter estimation run in MATLAB lasts for approximately 30 mins
and the cost function is evaluated for 40000 times. Then, the resulting parameter
values are given to COPASI as a starting point for further optimisation with
PRAXIS and 2000 cost function evaluations. This requires up to 2 hours of
computational time of four cores. The improvement in the fit score is up to 30%
of the score obtained in MATLAB. Our experiments show that this level of fit
quality is unreachable in comparable amount of time if parameter estimation
is performed from scratch in COPASI alone, even if a combination of COPASI
optimisation algorithms is applied.
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