Exploring the Evolvability of an Ancient, Highly Conserved
Circadian Clock in a Non-circadian Organism
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Methods

Introduction
The story of evolution revolves

around three fundamental characteristics—
genotype, phenotype, and fitness— each
of which comprise three nodes of a
Fitness
dynamic system.
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Improve the two-hybrid system: We observe minimal fluorescence
above a baseline for the current two hybrid system, it is likely the
interaction between KaiC and SasA is not robust enough to recruit
polymerase. We will create a chimeric KaiB-λCI protein to replace
SasA-λCI. We will also assay recruitment strength of the current
SasA-KaiC system with a phosphomimetic KaiC mutant (always
phosphorylated).
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A turbidostat is used to carry out
continuous culture of bacteria in the
logarithmic growth phase for extended
time course measurements.
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Making KaiC mutants in cyanobacteria: Our orthogonal system at
present does not allow for the level of precision needed to assay
fitness of our large library. We propose a number of mutants with
altered periods, as well as phosphomimics (always phosphorylated)
and non-phosphorylatable mutants.
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1. λ-repressor binds OL2.
2. SasA binds KaiC when phosphorylated
3. SasA-KaiC bond allows localization of
α-subunit of RNA polymerase
4. Holoenzyme is formed, transcription
of reporter can proceed.
5. GFP signal oscillates along with KaiC’s
phosphorylation state.

Cell Density Units

Cyanobacteria are among the oldest organisms on earth, and are
arguably some of the most successful and adaptable. In the
cyanobacteria Synechococcus elongates, physiological regulation of
nearly the entire genome, depends upon a circadian clock.
The ‘Kai clock’ is one of the earliest and most well conserved circadian
clocks, with major implications for organism fitness. The degree of
sensitivity to mutation, and the specific patterns of mutational
robustness are presently unknown. Here, we utilize the Kai clock as a
model to study evolutionary plasticity. We transfer the clock to the
non-circadian Escherichia coli via a bacterial two-hybrid system in
order to carry out saturation mutagenesis of the core oscillator, KaiC.
The purpose of this project is to study the ways in which proteins evolve
as part of a system, rather than isolated entities. This information can
instruct smarter design of synthetic proteins and therapies.
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Fig 2: Cell density over stabilization period Beam path
for a turbidostat run. Cell density was clamped
at an optical density of 0.1.
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Whole Gene Saturation Mutagenesis of KaiC
Genotype
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1. A library of all possible single amino-acid mutants is created via site directed mutagenic PCR (10380 mutants)
2. Library subjected to screening (each mutant is given a unique ‘barcode’)
3. Selection and assessment of relative fitness
4. Sorting and high-throughput sequencing of the ‘barcode’ region.

Phenotype

What is a circadian clock?

Fig 1: Oscillation of a protein expressed behind a
RpaA sensitive promoter in S. elongatus. Adapted
from Ma & Johnson, 2013

1. Biochemical oscillation with a
24 hour period
2. Entrainable and adjustable
3. Endogenous and self-sustaining
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Build an in-line fluorimetry device to carry out experiments in the
turbidostat: Cells reach saturational density before the first oscillation
can occur, which dampens oscillation. The turbidostat allows for
extended time course measurements of cells at peak health, while
avoiding saturation noise.
Adjust synchronization conditions: the system may desynchronize
before saturation is reached, which would obfuscate oscillation.

Results
3A

Compare mutational robustness of the Kai clock to a synthetically
designed oscillator: how do ‘engineered systems’ evolve compared to
systems that have been more than a million years in the making?
We will carry out saturation mutagenesis for one of the proteins in
the Repressilator system, a well characterised synthetic
oscillator.
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Fig. 3A: Background subtracted flourescence time course measurements. B: Background subtracted
Optical density time course measurements. E. coli were transformed with plasmids containing two
components of the two hybrid system, a synthetic GFP reporter, and other central components of the
clock. Cells were analysed for 114 hours in a plate reader with minimal media. Blue traces contain
only the reporter and central clock genes, red contains all plasmids, and grey traces are wild type cells.
Minimal increase in fluorescence is observed, indicating an issue with the two hybrid system.

Fig 4: Background subtracted and OD normalized
fluorescence time-course measurements. Cells are
prepared as described in figure 1. Some oscillation is
observed, but is dampened by desynchronization of
the system.
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