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An emerging important area of the life sciences is systems biology, which involves
understanding the integrated behavior of large numbers of components interact-
ing via non-linear reaction terms. A centrally important problem in this area is
an understanding of the co-metabolism of protein and carbohydrate, as it has
been clearly demonstrated that the ratio of these metabolites in diet is a major
determinant of obesity and related chronic disease [1]. In this regard, the first sys-
tems biology model for the co-metabolism of carbon and nitrogen in colonies of
the fungus Mucor mucedo has been developed by Lui et al. [2]. Fungi have been
chosen for this study because of their capacity to grow in conditions of extreme
nitrogen deficiency relative to carbon, which makes them unique among other king-
doms. Furthermore, they have relatively simple network. In [2], periodic rhythms
of biomass production in the colonies of these fungi under various nutrient regimes
have been tested, and oscillatory behaviour, which is an important characteristic
of a regulatory network, has been observed.

Oscillations are an important diagnostic of underlying dynamical processes. The
key properties of a dynamical state are characterised by experiment. For under-
standing the oscillatory behaviour, the dynamic characteristics of the interactive
components and their collective behaviours of the system need to be investigated.
According to previous studies of the dynamics of complex systems, oscillatory be-
haviour can result from self-organising feedbacks (see, for example, [3]). In this re-
gard, theoretical approaches play an important role in analysis of these behaviours.
The maintenance of specific patterns of oscillation and its relation to the robust-
ness of a system is a matter of ongoing research. In this research project, theoret-
ical analysis of the robustness of the model developed by Liu et al. [2] has been
accomplished.

Robustness is defined as the persistence of system functions in the presence of
environmental perturbation. It should be considered in the analysis and validation
of a biological model, since it is an important characteristic of living systems. In
particular, if a model turns out to lack robustness under the potential perturba-
tions, it should be investigated whether the lack of robustness is due to the cellular
functions or uncertainty or incompletion of the model. An approach that exam-
ines the parametric sensitivities, i.e. the sensitivity of the behaviour with respect
to changes in the model parameters, has been considered for robustness analy-
sis of biochemical network model by many researchers (see, for example, [4], [5]).
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Metabolic Control Analysis (MCA), which presents a local sensitivity measure, has
been applied to many systems as a common approach to parametric sensitivity.
By this analysis, the range of variations of the model parameters values in which
the metabolic oscillations of the system can still be obtained are determined.

We have considered a parametric sensitivity approach in the analysis of the co-
metabolism of protein and carbohydrate model by Liu et al. [2]. As a result, the
parameters of the model which produce the largest sensitivities have been identi-
fied. Furthermore, the largest change that can be made in each parameter of the
model without losing the oscillations in biomass production have been computed.
The results are currently being written up for publication.
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