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Dynamic complex formation and robustness of circadian rhythm of

clock proteins Kai revealed by high-speed AFM

BIRKFR TG B AR A FER SR - B

K4 210 A&


https://core.ac.uk/display/222815123?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Abstract

The circadian clock proteins KaiA, KaiB, and KaiC reconstitute a remarkable circa-24 h oscillation of
KaiC phosphorylation that persists for many days in vitro. It is known that KaiA stimulates KaiC
phosphorylation, whereas KaiB promotes KaiC auto-dephosphorylation by sequestering KaiA. In this
thesis high-speed atomic force microscopy (HS-AFM) was applied to visualize in real time and
quantify the dynamic interactions of KaiA proteins on sub-second timescales. HS-AFM images clearly
showed that KaiA and KaiB bind to the opposite sides of a KaiC hexamers depending on the
phosphorylation states of KaiC. Based on the HS-AFM observations, a model which interrelates the
circadian rhythm and the ternary complex was proposed. Furthermore, it was revealed that KaiA
transiently interacts with KaiC, thereby stimulating KaiC autokinase activity. As KaiC becomes
progressively more phosphorylated, KaiA’s affinity for KaiC weakens, revealing a feedback of KaiC
phosphostatus back onto the KaiA-binding events. These non-equilibrium interactions integrate high-
frequency binding and unbinding events, thereby refining the period of the longer term oscillations.
Moreover, this differential affinity phenomenon broadens the range of Kai protein stoichiometries that
allow rhythmicity, explaining how the oscillation is resilient in an in vivo milieu that includes noise.
Therefore, robustness of rhythmicity on a 24-h scale is explainable by molecular events occurring on

a scale of sub-seconds.
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TN TEN, BEA B ROBIEEZ) T A A AL THBIT DL TE R o7z, RBFFETIE
Tl & DX ST E OB EDT VS A L TEIEETED S d 57 [E ) BMER (F AFM) %
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IRV CHEBE AR LT 528 T, ZRETHLMITR> TR s T S RO F AT A
EHE B YR LD Gy TR DOV THH LT T 52 8% BTS2 T o7,

EEH AFM (22D Kai #o ~7 BB A IRIERR DX AT I/ ZAOBIZRITRIIL | KaiA 1T KaiC @
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