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Evaluation Report for Doctoral Thesis

Title : The extension—contraction mechanism of the neck of a ciliate, Lacrymaria olor

Applicant : Ryuji Yanase

1. Abstract of the thesis

Lacrymaria olor is a free-living ciliate protist belonging to a highly diverse class, Litostomatea. An L. olor cell
consists of three parts, a cell body, an extendable neck and an oral apparatus on the distal end of the neck. During
predation, L. olor rapidly extends its neck in various directions, and then the neck is contracted. Such a rapid
extension—contraction cycle is one of the unique characters of L. olor. Although previous papers proposed that the
extension of the neck was induced by the beating of oral cilia and clarified ultrastructural features including
microtubules, dynamic features of the extension—contraction cycle of the neck in L. ofor have been unclear because
of experimental difficulty derived from rapid deformation of the neck. As the first step to elucidate the mechanism
of such dynamic processes, the applicant characterized the deformation of the neck of living L. olor using a high-
speed camera and image processing and succeeded in defining the four different cell states, namely, active, resting,
activation and inactivation, and highlighted the features of the neck deformation of L. olor depending upon the cell
states. Then, he conducted detailed analyses of the ciliary movement with a high-speed camera and showed that the
oral ciliary movement mainly contributes to the extension power of the neck, and a contractile tension constantly
exists in the neck even during its extension. In addition, high-speed imaging of the movement of the fluorescent
microspheres attached to the cell surface revealed that changes of microsphere distance on the part of the neck near
the tip were larger than those on the part of the neck near the cell body, suggesting that the neck has a property like
a nonlinear viscoelastic body that gradually becomes softer toward the distal end during extension. On the other hand,
changes of distance between microspheres during contraction indicated that each distance between two adjacent
microspheres on the neck reduced almost at the same speed, suggesting that the neck has a property like a linear
spring rather than nonlinear spring during contracting periods, and some contractile factors that work only during
contracting periods exist in the neck. Thus, his findings shed light on the features of the neck deformation of L. olor
and defined the cell states of L. olor. Also, he confirmed contribution of the oral ciliary movement for the neck
extension and revealed characteristic physical properties of the neck. From these findings, he discussed the

extension—contraction mechanism of the neck of L. olor.

2. Evaluation of the thesis and the final examination

A rapid extension—contraction cycle during predation is one of the unique characters of L. olor: In this thesis, the
applicant tried to elucidate the mechanism of this unique movement using image analysis with high temporal
resolution and physical analysis. As a result, he succeeded in i) defining two novel cell states, namely 'activation' and

'inactivation' states, in addition to previously defined active and resting states, ii) confirming the major contribution



of the ciliary movement on the oral part in producing the motive force for neck extension, iii) elucidating
characteristic physical properties of the neck, suggesting involvement of different factors in extension and contraction,
respectively. These findings are valuable in respect to elucidate the feature of this movement quantitatively, which
had been unclear. In addition, this work provides clues of targets for the next studies, and a new insight into studies
on the mechanism of not only the neck movement of L. o/or but also those observed in a variety of protists.

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 23 in 2018.

The chief examiner: Atsuo Miyazawa

The second readers: Tohru Yoshihisa

Kohei Hatta

Toshinobu Suzaki
(Associate Professor, Graduate School of Science, Kobe
University)
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