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Abstract

Characterization of biomolecular systems is an important step for their analysis, design
and control. Specifically, from a design perspective, possible co-variations of functionally
important properties and robustness of the function to uncertainties are important to
characterize. For cyclical systems such as cell cycles or oscillators, these are relatively less
known. Using computations and experimental measurements, we address these issues in
this thesis. We consider a phenomenological example of bacterial growth measurement
and note the inverse co-variations between the maximum specific growth rate and growth
duration as the temperature is varied. As a design constraint, trade-off between bacterial
growth rate and its duration, may help to design biomolecular circuits that are robust to
temperature. Using mathematical models of twelve benchmark biomolecular oscillators,
we characterized the co-variations between maximum amplitude and period of oscillations
and categorized the parameters into different types of co-variation trends. Next, we re-
peated the classification using a power norm-based amplitude metric, to account for the
amplitudes of the many biomolecular species that may be part of the oscillations, finding
largely similar trends. For a subset of oscillators, we find scaling laws of period-amplitude
co-variation to find that as the approximated period increases the upper bound of am-
plitude increases or remains constant. Based on these results, we discuss the effect of
different parameters on the type of period-amplitude co-variation as well as the difficulty
in achieving an oscillation with large amplitude and short period. We find numerical
evidence suggesting that an increase in sensitivity of period to a parameter can be com-
pensated with a decrease in sensitivity to other parameter. We find evidence, using state
sensitivity equation, for such trends in a cycle of oscillations as well. This characterization
of amplitude-timescale co-variations should help with understanding the available design

space of such cyclical systems.
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