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Dynamic Properties of Dynein Movement
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The dynein causes two kinds of movements. One is a flagella movement that gives going for-
ward power by flagella scroll [1-3]. Another is a cytoplasmic movement that is studied intensively
now [4-11]. These movements are produced by an interaction between the dynein and microtubules
[2,6,9]. We remember the measurement of force by the movement single active element [5,7,10,11].
It is also possible to apply the method of atomic trapping by laser power by its spot [12—14]. It is
balanced with Lorentz force produced by electromagnetic field of the laser spot. [12-14]

The flagella movement can be described by curvature changes along the flagella lines. A flagel-
la starts from the membrane of microscopic scale organ and makes a stroke like the ring wave of
changing the direction. The curvature is line one so that it is proportional to the inverse value of cir-
cle radius.

We have a picture for the mechanics of dynein movement shown below. In this scheme, a
dynein molecule (2.17 M-Daltons) is relatively large compared with surrounded small molecules
such as water molecule (18 Daltons); the former is five orders of magnitude greater than the latter.

The velocity of a dynein movement is measured using fluorescent manner. It is 50-150 nm/sec
in a wild type [11]. In flagella a relationship between beat frequency (f) and maximum shear angle
(Onax) is given as f=14/6,,., [2]. The velocity of moving on the microtubules depends on ATP con-
centration. Reference [9] gives 200—1000 nm/s for the case of 100 uM ATP +1 mM AMPPNP. It
means that large ATP concentration does not yield a large step on the microtubules. The relation-
ship between velocity and force decreases almost linearly [5], but it increases in the small region in
which velocity increases as force becomes large [5]. In such small areas the force is 0.4—0.8 pN for 5
uM ATP and 0.8-1.25 pN for 100 uM ATP [5].

The important point is that a dynein molecule gets the force from the ATP hydrolysis. The
forces are 3.0-6.0 pN [11]. The reference [10] shows that step size 8.1 nm (force>1 pN) for 1 mM
ATP, 8.0 nm (force>1pN) for 10uM ATP, and 8.6 nm (force<1 pN) for 20 uM ATP. It is
difficult what magnitude of force is obtained by ATP hydrolysis, but rough estimation is possible
considering entire force measurements.

A molecular weight of dynein is 2.74 X 10717 g. This value is too small to consider the weight
of a dynein molecule explicitly in the model. The force produced by ATP hydrolysis is in the order
of pico-newton [5,10,11]. Therefore, gravitational force becomes five orders of magnitude smaller
than pico-newton. A friction force depends on the magnitude of velocity relative difference be-
tween dynein and surrounded small molecules in the cytoplasm. In the movement of macroscopic
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body in the gravity field, the investigated friction force have a linear dependence of velocity or
square (or inner product) of velocity magnitude. Thus, it is a problem how about the magnitude of
force produced by ATP hydrolysis. We here consider that a movement of a dynein follows mechan-
ical way.

In this talk, we considered that the movement is caused in a simple mechanical manner, and
forces are considered to be produced by the ATP hydrolysis, friction by surrounded small molec-
ules in macroscopic form, and gravity. The magnitude of gravity force is small because a dynein
molecule has very small weight as described above. We think that the major force is the one
produced by ATP hydrolysis. The magnitude is estimated as the order of pico-newton (1.0-1.2 X
10712 N). The magnitude of this force is the biggest in the forces we considered.

References

[1] Gianni Piperno, Zenta Ramanis, Elizabeth F. Smith, Winfield S. Sale, Three distinct inner dynein arms in Chlamydo-
monas Flagella: Molecular composition and location in the axoneme, J. Cell. Biol. 110 (1990) 379-389.

[2] Hideo Mohri, Kazuo Inaba, Sumio Ishijima, Shoji A. Baba, Tubulin-dynein system in flagella and ciliary movement,
Proc. Jpn. Acad. B88 (2012) 397-415.

[3]1 Masahide Kikkawa, Big steps toward understanding dynein, J. Cell. Biol. 202 (2013) 15-23.

[4] Yves Jacob, Hassan Badrane, Pierre-Emmanuel Ceccaldi, Noél Tordo, ‘‘Cytoplasmic dynein LC8 interacts with lys-
sarirus phosphoprotein’’ J. Virol. 74 (2000) 10217-10222.

[5]1 H.Kojima, M. Kikumoto, H. Sakakibara, K. Oikawa, Mehanical properties of a single-heded processive motor, in-
ner-arm dynein subspecies-c of Chamydomoonas studied at the single molecule level, J. Biol. Physics 28 (2002) 335—
345.

[6]1 Naoko Mizuno, Akihiro Narita, Takahide Kon, Kazuo Sutoh, Masahide Kikkawa, Three-dimensional structure of
cytoplasmic dynein bound to microtubules, PNAS 104 (2007) 20832-20837.

[7]1 A.Harada, Y. Takei, Y. Kanai, Y. Tanaka, S. Nonaka, N. Hirokawa, Golgi vesiculation and lysosome dispersion in
cells lacking cytoplasmic dynein, J. Cell. Biol. 141 (998) 51-59.

[8] Mariano T. Mesngon, Cataldo Tarricone, Sachin Hebbar, Aimee M. Gulliotte, E. William Schmitt, Lorene Lanier,
Andrea Musacchio, Stephen J. King, Deanna S. Smith, Regulation of cytoplasmic dynein ATPase by Lisl, J.
Neurosci, 26 (2006) 2132-2139.

[9] Jennifer L. Ross, Karen Wallace, Henry Scuman, Yale E. Goldman, Erika L. F. Holzbaur, Processive bidirectional
motion of dynein-dynactin complexes in Vitro, Nature cell boil. 8 (2006) 562-570.

[10] Shiori Toba, Tomonobu M. Watanabe. Lisa Yamaguchi-Okimoto, Yoko Yano Toyoshima, Hideo Higuchi, Overlap-
ping hand-over-hand mechanism of single molecular motility of cytoplasmic dynein, PNAS 103 82006) 5741-5745.

[11] Carol Cho, Samara L. Reck-Peterson, Ronald D. Vale, Regulatory ATPase sites of cytoplasmic dynein affect proces-



Dynamic Properties of Dynein Movement

sivity and force generation, J. Biol. Chemistry 283 (2008) 25839-25845.
[12] Metcalf, Harold J. and Straten, Peter van der, Laser Cooling and Trapping, Springer-Verlag New York, Inc., (1999).

[13] Foot, C.J., Atomic Physics, Oxford University Press, (2005).
[14] William D. Phillips, Laser cooling and trapping of neutral atoms, Rev. Mod. Physics, 70 (1998) 721-741.



