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Robustness Analysis of Feedback Systems of
Circadian Rhythm

KAzZUHIRO MAEDAT! and HIROYUKI KURATA T2

Systems biology aims at a coherent understanding of the mechanisms of how
the integration of molecular components generates robust systems. Robust-
ness is the ability to resume reliable operation in the face of different types
of perturbations. The genetic oscillator responsible for generating circadian
rhythms is one of the robust systems. The circadian clock refers to the oscilla-
tor that most organisms on the earth have and its period is about 24 hours. We
developed the novel method that consists of the two-phase search method and
quasi-multiparameter sensitivity in order to quantify the robustness of biochem-
ical systems. In this report, we apply the method to various types of feedback
systems derived from circadian clocks and reveal that the dual feedback model
possessing two identical feedbacks can be the most robust oscillator.
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Fig.1 Network maps of (A) the single, (B) semi-dual, (C) dual, (D) redundant feedback models.

The notation of CADLIVE?) is used for simplifying the diagrams.
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Fig.2 The cumulative frequency distribution of QMPS for the semi-dual feedback model. A:
period, B: amplitude.
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Fig.3 The cumulative frequency distribution of QMPS for the dual feedback model. A: period, B:

amplitude.
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Fig.4 The cumulative frequency distribution of QMPS for the redundant feedback model. A:
period, B: amplitude.
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Fig.5 The cumulative frequency distribution of QMPS for the four feedback models. A: period, B:
amplitude.
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