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Abstract: Oscillation plays a crucial role in functioning properly for various biological systems, including circadian
regulation, cell cycle, neuron activity and intracellular signal transduction. Ever since the first discovery of glycolysis
oscillation back to the 1950s, more and more researchers have been engaged in the theoretical exploration of criteria for
biological oscillations. At the turn of this century, the artificial synthesis of the repressilator system, which composed of
the prokaryotic transcriptional repressors Lacl, TetR and Acl, marked the beginning of modern synthetic biology and
leading to a golden age for research on artificially synthesized biological oscillators. This article reviews the
development in this field that was achieved within the past two decades, discussing them from three aspects: design

principles, experimental synthesis, and practical applications. The three main conditions for generating biological
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oscillations are a negative feedback network structure, sufficient delay over long time, and nonlinear regulatory

relationship. Time delay can be achieved by directly introducing biochemical interactions with slow timescales, adding

multiple intermediate reaction steps, or forming interlinked positive feedback loops. By adjusting the network topology

or introducing external periodic signals, the tunability and stability of oscillations can be enhanced. With computational

approaches, researchers are able to scan all the possible network topologies with less than three nodes for robust

oscillation emergence and noise resistance. The earliest synthetic oscillatory systems were entirely based on

transcriptional regulation in E. coli, yet now synthetic oscillators have been developed at the protein, metabolite, and

even multicellular population levels as well as in biological chassis ranging from bacteria, yeast and mammalian cells.

These artificially synthesized oscillatory systems have been demonstrated to be able to potentiate the precise regulation

of population growth and drug delivery, improve fermentation efficiency in engineered strains, reprogram cell aging,

and potentially offer new perspectives for immunotherapy and beyond.
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(d) Metabolic-transcriptional oscillatory system
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(b) An oscillation system with intertwined
negative and positive feedback
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(c) Synthetic NF-kB
oscillatory system
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(e) E. coli quorum sensing oscillatory system
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Fig.3 Representative synthetic oscillatory circuits
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