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The molecular mechanisms of intraciliary energy-
supply system and ciliary movements revealed
by the studies on Paramecium cilia
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SUMMARY

Most eukaryotes have motile cilia/flagella as cell organelles for swimming, locomotion, or
generating extracellular fluid flow. Recent studies have revealed that dysfunctions in ciliary/flagellar
motility engender human disease. Most motile cilia/flagella possess the inner structure called the
axoneme with “9 + 2” pattern, in which the nine doublet microtubules surround two central singlet
microtubules. This structural pattern is evolutionally conserved. The axoneme comprises many structural
components aligned on the microtubules, including axonemal dyneins, radial spokes, and projections on
the central pair microtubules. Ciliary/flagellar movements are generated by dynein-driven microtubule
sliding, and are controlled by second messengers such as Ca’" and cAMP. However, molecular
mechanisms of ciliary/flagellar movements in response to Ca*" and cAMP, and the individual roles of the
axonemal components in the mechanisms remain unclear. Furthermore, mechanisms by which the energy
is supplied for ciliary/flagellar movement are not well defined. Paramecium has long been used as a
model organism for studying ciliary motility, because of its valuable experimental systems. For example,
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Fig. 5. Inactivation of Ca®*-induced ciliary reversal by high-salt extraction in
Paramecium. (A) Ciliary orientation on the cortical sheet before extraction with
0.5 M KCL. The cilia were reactivated in the presence of 2 uM Ca®'. The cilia
beat toward the anterior of cortical sheet, showing the Ca**-induced ciliary
reversal. (B) Ciliary orientation on the cortical sheet after extraction with 0.5 M
KCL. The cortical sheets were perfused with a high-salt solution (0.5 M KCl).
After perfusion for 1min, the cortical sheets were washed with a low-salt solu-
tion. The cilia were reactivated by ATP in the presence of 2 uM Ca*". The cilia
beat in the normal direction despite the presence of 2 uM Ca®*. The tops of the
panels represent the anterior direction of the cell. Arrows indicate directions of
ciliary beats. Bars, 20 pm. These images are reproduced from Kutomi et al.
(2013) with permission. Movies are presented at http:/link.springer.com/
article/10.1007%2Fs00709-013-0504-0.
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- ciliary axonemes were extracted
116 — 24 with the various high-potassium
salts indicated in the figure for 1
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potassium salt are 0.5 M. Proteins
66 — in the extraction remnants
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—T analyzed by SDS-PAGE. Open
45 — circles indicate common bands
between the supernatants with 0.5
M KCI1 and KNO;. HC, outer arm
31— dynein heavy chains; T, tubulins;
215 M, Markers for molecular weights
Gl (x10%. This image is reproduced
14.5 — from Kutomi et al. (2013) with
6.5 — permission.
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