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Evaluation Report for Doctoral Thesis
Title : The gliding mechanism of diatoms

Applicant : Nozomi Yamaoka

1. Abstract of the thesis

Some of unicellular pennate diatoms can move over the substratum and this motion called
gliding has been known for long time. However, the molecular mechanism of this motion was not
understood well. It is also true for unique gliding motion of a colonial pennate diatom, Bacillaria
paxillifer, in which a pair of two adjacent cells in a colony glide with each other. Here, I report
morphological and biochemical analyses of two kinds of diatoms, unicellular Pleurosigma sp. and
colonial B. paxillifer. First, I carried out quantitative analyses of gliding motion of B. paxillifer and
morphological analyses of this diatom. I demonstrated involvement of the actomyosin system in
gliding motion of this diatom using actomyosin inhibitors, and observed actin bundles by
fluorescence-labeled phalloidin staining. I also found the actin-like filaments near the raphe, where
the adjacent cells attach to each other, and novel electron-dense structures located between the
plasma membrane and these actin-like filaments. These results indicated that gliding motion of B.
paxillifer is powered by the actomyosin system as proposed in unicellular gliding diatoms. Second,
I performed biochemical search to identify a putative motor protein(s) to drive gliding motion in a
unicellular diatom, Pleurosigma sp. because there was no biochemical information of such a motor
protein(s) despite the fact that the pivotal role of actin filaments in gliding of unicellular diatoms
has been postulated. I found a 130 kDa actin-binding polypeptide that has some myosin-like
features. Immunofluorescence microscopy with a monoclonal antibody against this 130 kDa
polypeptide demonstrated its localization along the raphe even in the absence of the actin bundles,
suggesting that the protein forms linkage between the actin filaments and the plasma membrane.
From these results, I proposed that the 130 kDa polypeptide is a candidate for a motor protein that
powers gliding motion in the unicellular diatom. Third, I investigated saccharide components of
extracellular mucilage both in Pleurosigma sp. and in B. paxillifer. It has been postulated that
gliding motion of diatoms depends on extracellular mucilage and its movement is driven by
intracellular actomyosin, but there is no direct observation of mucilage movement during gliding in
living diatoms. Here, I described some characteristics of movement of mucilage secreted from
Pleurosigma sp. and B. paxillifer using fluorescein-labeled lectins. I also found that mucilage of

these two kinds of diatoms has different saccharide compositions. Finally, I will discuss, from these



findings and previous observations, common and different points of gliding mechanism and its

regulation between the unicellular and colonial diatoms.

2. Evaluation of the thesis and the final examination

Gliding motion of diatoms has been a familiar phenomenon and has attracted biologists for
a long time, but there have been few studies on its molecular mechanism. In this thesis, Mr.
Yamaoka has made a frontal attack on this problem and attained certain achievements. Especially, it
deserves special mention that he succeeded in isolating a myosin-like protein that is localized with
the actin bundles near the raphe from Pleurosigma sp. by the biochemical approach. Although
additional pieces of evidence are required for rigorous proof of involvement of the 130 kDa
polypeptide in the gliding, this protein is indeed the primary target for the next studies of gliding
mechanism in the diatom, and the achievement to show that biochemical techniques are applicable
to the study of the diatom cytoskeleton is also valuable. In addition, visualization of mucilage
secreted from the diatoms with fluorescence-labeled lectins is unique and effective. This will be a
powerful tool to examine how the diatoms interact with the substratum during their gliding. His
comparative studies using unicellular and colonial diatoms were proved to be fruitful, and this style
of analyses will deliver further new insights into this field of biology.

Thus, the reading committee members listed below hereby state our full approval of the
thesis completed by Mr. Yamaoka 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 27 in 2016.



