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Here, we use a synthetic biochemical oscillator by Kim and
Winfree (3) as a clock to drive several types of molecular
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conformation. We evaluate different modes of coupling, by
designing the tweezers hands to target different DNA or RNA
components of the oscillator. We also interconnect the clock
to additional genelets producing functional RNA signals. The
molecular conformation of the oscillator templates and of the
tweezers is tracked through suitably positioned fluorescent
labels.
We find that some configurations more effectively transmit
the oscillations, depending on the amplitude and mean value
of the driving component. Fig. P1A shows a schematic
representation of one of the coupling modes for our oscillator.
Here the perturbations are proportional to the total amount
of load, as is indicated by the reduction of the amplitude of
the oscillations (Fig. P1B). We are able to reduce this
undesired “retroactivity” (5) by the isolation of the source
components from downstream loads by coupling the oscillator
to an additional DNA switch, using its RNA transcript to
drive the load. Transcription effectively represents an
amplification stage, and the additional genelet therefore acts
as an insulator (5).
Many of the general features of our experimental system
can be understood on the basis of a simple theoretical model
for the oscillator that only accounts for the basic feedback
circuit and makes some generic assumptions about the nature
of the load coupling. The simple model cannot offer a
quantitative description of the experiments, however. A much
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more detailed understanding has therefore been attempted,
and satisfyingly, this detailed model was able to
semiquantitatively reproduce all of the experimental data with
a single set of physically reasonable parameters.
The oscillator system under load represents the realization
of an in vitro molecular clock that is used to drive other
biochemical processes in a plug-and-play fashion. This work
contributes to our understanding of two challenges: the
synchronization of biomolecular processes and the design of
modular and scalable biochemical circuits. In the future, in
vitro oscillators could be used to orchestrate more diverse
downstream processes, could be modified to effect more
complex and conditional regulation (as in the cell cycle), and
could be embedded in artificial vesicles as part of the quest to
construct an artificial cell.
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