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Fig. 1 Schematic drawings of biological clocks. (A) Transcriptional and translational oscillatory model. (B) Assembly

and disassembly of in vitro Kai oscillator.
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Time-resolved small-angle x-ray scattering patterns of a ternary mixture of Kai proteins. The scattering vector, S,

on the horizontal axis is equal to S=2 sin §/A, where 20 is the scattering angle and A is the wavelength of incident
x-ray. I(S) corresponds to the scattering intensity recorded at S. (A) Assembly process from 0to 9 hr. (B) Disas-
sembly process from 9 to 24 hr. Insets represent Guinier plots of the scattering curves.
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Fig. 3 Time-dependent changes of apparent forward scattering in-
tensity, 7(0)%L%, and fraction of phosphorylated KaiC
(Phos®r) . Green squares, red circles and blue triangles cor-
respond to the data for a ternary mixture, a binary mixture
without KaiB and a binary mixture without KaiA, respective-
ly. Solid lines represent sine-wave or exponential functions
fitted to the data.
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Fig. 4 Titration curves of apparent forward scattering intensities,
1(0) 4pp- Solid lines correspond to the least-squares fitting to
the data using a 1:1 binding scheme.
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Fig. 5 Low-resolution models of Kai complexes. (A) Low-resolu-
tion envelope of KaiA:KaiC complex restored from SAXS
data. (B) Superimposed crystal structures of KaiA and KaiC
to low-resolution model of KaiA:KaiC complex. (C) Low-
resolution envelope of KaiB:KaiC complex restored from
SAXS data. (D) Superimposed crystal structures of KaiB
and KaiC to low-resolution model of KaiB:KaiC complex.

Fig. 6 In vitro assembly and disassembly scheme of the Kai pro-
teins. KaiA, KaiB and KaiC particles are schematically illus-
trated by using orange plums, blue diamonds, and green bar-
rels, respectively.
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Fig. 7 Effects of Ficoll70 on rhythmic changes of phosphorylated
fraction of KaiC (Phos®?). Dotted lines indicate linear
functions fitted to the data in the synchronizing stage (light
blue). Solid lines represent sine-wave functions fitted to the
data in the oscillatory stage (orange). Black dotted arrows
illustrate Ficoll70-dependent shifts of the oscillatory phases.
Each oscillatory curve is offset for clarity of presentation.
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Assembly and Disassembly of Cyanobacterial
Clock Proteins Studied by Real-time Small-angle
X-ray Scattering
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Abstract In the presence of ATP, three Kai proteins from cyanobacterium Synechococcus elongatus PCC
7942 are repeatedly assembled and disassembled into heteromultimeric complexes in a circadian fashion. A
mechanism, by which the clock activity persist stably even under noisy and crowded conditions, was dis-
cussed on the basis of real-time observations of the assembly and disassembly dynamics with small-angle X-
ray scattering.
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