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1. Abstiract of the thesis

The Chlamydomonas flagella usually show ciliary-type beatmg but at a high intracellular Ca** level
the waveform changes to flagellar-type beating. Although Ca® was proven to be the key to this
waveform change, the molecular mechanisms are still unknown. In this paper, the applicant carried out
an in vitro reconstitution of outer dynein arms in odal mutant axonemes in a bottom-up manner and
surveyed regulatory factors involved in the waveform changes. The fractions of the high-salt extract of
wild-type axonemes were added to the odal axonemes which lost the ablhty to respond to Ca**
changes. The applicant examined the fractions by using the recovery of the Ca®" respond of the odal
axonemes as the index of regulatory factors. As the result of the peptide fingerprinting of some bands
from the crude dynein extract, the afphcant identified the FAP8S protein, which was pledicted to have
an EF-hand motif that binds Ca?" ions. Then, he focused on the FAP85, which is specific to
Chlamydomonas and its relatives in order to find components responsible for Chlamydomonas-specific
waveform changes coupled with intracellular Ca®* concentrations. The applicant cloned the cDNA
encoding FAP85, expressed it in Escherichia coli cells, and generated a polyclonal antibody against the
expressed protein, The isothermal calorimetry showed the presence of one Ca®" binding site in the
protein. Immunoblotting showed that FAP85 was present in every axoneme of several flagellar
mutants lacking major axonemal components. Immuno-electron microscopy revealed that anti-FAP85
antibodies were found only on the inner wall of A-tubules of the doublets exposed by
N-lauroylsarcosine treatment. TFurther characterization of FAP85 and its cffects on microtubule
dynamics showed that FAP85 binds to tubulin and stabilized microtubules. According to these results,
the app]icant concludes that FAP85 is a novel member of microtubule-binding proteins, localizing on
the inner wall of the A-tubule and stabilizing microtubules. These results clarify a component of the
MIPs and show its function.

2. Evaluation of the thesis and final examination

The applicant focused on the mechanism by which Chlamydomonas flagellar waveform changes in
Ca®" concentration-dependent manner and he searched for the regulatory factors. He used the
reconstitution of axonemes in which the crude dynein extract was added to the axonemes of the
outer-arm dynein lacking mutant. By using this bottom-up method that the high salt extracts were
sequentially added to the reconstituted axonemes, candidates of regulatory factors related to waveform
change coupled with Ca®* concentrations were narrowed down from among many constituent proteins
existing within an axoneme. As a result, the applicant found FAP85, and examined its effects on
flagellar waveform, Ca?* binding ability and so on. Furthermore, he investigated the localization of
FAP8S in the flagellar axoneme by immunoelectron microscopy and revealed that FAP85 is one of the
microtubule inner protein MIPs existing on the inner wall of the A tubule of the peripheral doublet
microtubule. /n vitro experiments also revealed that FAP 85 stabilizes microtubules through
co-polymerization with tubulin. These results are highly evaluated because of the detail description of



the function and localization of FAP 85, which has not been reported so far, Moreover, from the
function of microtubule stabilization of FAP85, we will obtain new and important knowledge leading
to elucidation of the structure of flagellar axoneme structure and the mechanism of waveform
formation and propagation, which is an important clue for understanding the flagellar bending
mechanism. The Review Committee examined the novelty and relevance of these research results. Also,
the committee strictly examined to what extent the applicant understands this research and knowledge.
As a result, the Committee concluded that this research is qualified as the doctoral thesis and
understanding of the applicant's research and its background is sufficient.

Thus, the Review Committee members listed below hereby state our full approval of the thesis
completed by the applicant in partial fulfillment of the requirements for the degree of Doctor of Science
in the Graduate School of Life Science.

The Committee also certifies that the applicant passed the final oral examination on his thesis and
related issues held on January 25 in 2018.
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