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ABSTRACT

Organisms have adapted to the relentless cycles of night and day by evolving an internal timekeeping system called the circadian clock,
which induces healthy rhythms of rest and activity in synchrony with the earth’s rotation. Adverse health and cognitive effects are incurred
when this synchrony is chronically disrupted. However, the mechanisms by which these molecular clocks oscillate and transduce timing
signals are unclear in any organism. The goal of this equipment grant is to support research in the lab of Andy LiWang, whose objective is to
elucidate the molecular mechanism of biological timekeeping. Funds from this grant were used to purchase several pieces of instrumentation
that are being used to measure interactions between circadian clock proteins, in order to understand how their interactions produce
biochemical rhythms that match sunrise and sunset. Detailed knowledge of clock protein-protein interactions at the structural and
thermodynamic levels, and under non-equilibrium conditions is expected to allow the LiWang lab to develop predictive models of clock
behavior. The United States military is expected to benefit from this research, because it could lead to new strategies with which to minimize
the negative effects of circadian disruption on its personnel as they are deployed across different time zones.
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Scientific Progress and Accomplishments

Organisms are adapted to the relentless cycles of day and night, because they evolved
timekeeping systems called circadian clocks, which regulate biological activities with ~24-h
rhythms " . Chronic disruption of circadian rhythms degrades cognitive skills, motivation,
performance, reaction time, alertness, memory, judgment, and mood?*, as well as increases the

risk of obesity >’ , diabetes®? , heart disease '°, and
cancer ' "? Our lab studies the circadian clock of a
model organism to elucidate mechanisms by which
circadian rhythms are generated. A three-protein
oscillator comprised of KaiA, KaiB, and KaiC, which
together generate a circadian (~24 h) rhythm of KaiC
autophosphorylation, drives the clock of
cyanobacteria > '* . We have discovered that KaiB
flips between two distinct three-dimensional folds,
gsKaiB <> fsKaiB, and its rare metamorphosis to the
active fsKaiB state provides a time delay that is
required to match the oscillator’s period to the
earth’s rotation (Fig. 1). Once KaiB switches folds, it
binds KaiC and captures KaiA, initiating KaiC
autodephosphorylation, and regulates components
of the clock-output pathway, CikA and SasA '>2?
providing the link that joins the timekeeping and
signaling functions of the oscillator. Intrinsically rare
excursions of KaiB between two distinct folds
provides an elegant mechanism by which the
oscillator can temporally separate opposing phases
of the clock, ensure a correct period, and reciprocally
regulate mutually antagonistic output-signaling

KaiB fold switching

gskaiB B> 2 foKai

Output \ /

rhythmic gene expression
cell division

Figure 1. Excursion of KaiB to the rare fold-
switch fsKaiB state causes it to displace SasA for
binding to KaiC. KaiC-stabilized fsKaiB captures
KaiA, initiating the dephosphorylation phase of
the cycle. These aspects control oscillator
period. CikA and KaiA compete for binding to
fsKaiB, further linking oscillator function related
to KaiA and output activity via CikA-mediated
dephosphorylation of RpaA. The competitive
interactions of fsKaiB with SasA, and KaiA with
CikA, implicate “output components” CikA and
SasA as parts of an extended oscillator.

pathways. Our findings as summarized in Fig. 1 are now in press at the journal Science.

Currently, we are working to resolve the following questions:
* Inorder to understand why KaiB switches folds on the time scale of the earth’s rotation, we
want to figure out the pathway by which KaiB switches folds, and the energetics of fold

switching.

* We have evidence that the active fsKaiB state is increasingly favored as the temperature is
decreased. Thus, we want to determine the extent to which KaiB fold switching helps the
clock maintain a circadian period at different temperatures. Temperature compensation is
a defining criterion of circadian clocks, but its mechanism remains unclear.

* The slowness by which KaiC autophosphorylates and autodephosphorylates (Fig. 1) is an
essential pacesetter for the cyanobacterial clock. Therefore, we are endeavoring to
determine the mechanism by which these rates are set.

Findings from our lab are expected to help the U.S. military develop new strategies with which to
reduce the negative effects of circadian disruption on its personnel as they are deployed across

different time zones.
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