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ABSTRACT

In this study, we attached flagella to liposomes for enhancing liposome mobility (Figure 1 and 2). The flagella were
detached from a biflagellate unicellular alga, Chlamydomonas (Chlamydomonas odal2-Ic2-bcep), and they were then
chemically bonded to the surface of the liposome. We found the mobility of liposomes with flagella was higher than that
of liposomes without flagella by measuring a diffusion coefficient of the liposomes with/without flagella. Also, it was
suggested that the liposomes with lower fluidity due to annexin-coating has higher mobility than non-coating one. We
believe that liposomes with flagella can be utilized as high-mobility delivery vehicles to carry materials and drugs in a
micrometer-sized space such as a microchip and a human body.

KEYWORDS: bioactuators, flagella, liposome

INTRODUCTION

Liposomes (figure 3A) have attracted attentions as a functional delivery vehicle that can contain biologically active
compounds. If required chemicals can be infused into the vesicle and efficiently transported to local area in our body,
there will be a potential of applying them to drug delivery system. To transport liposomes, biological motors are very
useful. Biological motors are superior to artificial motors in that they are smaller (10 nm —10 um) and they are more ef-
ficient at converting chemical energy into mechanical energy. Many studies have investigated the use of biological mo-
lecular motors[1-3] and living cells[4-6] as actuators in microsystems. In our prior study, we have proposed a method of
attaching flagella of Chlamydomonas (figure 3B) to a selected region of a micro-object (made by glass or polystyrene)
and advancing it [7]. Flagella can be easily detached from Chlamydomonas and reactivated in the presence of adenosine
triphosphate (ATP, figure 3C) [8]. Here, we propose a method actuating liposomes by attaching flagella (figure 3D).

(A)liposome + flagella (B) liposome only
Brownian motion
by thermal energy

.< i “ : N motion: ( motion:
) J" a LARGE Soall

Figure 2:(A) Liposomes with flagella increase their mo-
bility with an increase in fluctuating effect. (B) Com-
pared with (A), liposomes without flagella move only by
Brownian motion.
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Figure 1: Conceptual illustration. Flagella detached
from Chlamydomonas are attached to a liposome and
actuates them.
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Figure 3: (4) Fluorescence image of liposomes generated by gentle hydration method. (B) SEM image of Chlamydo-
monas. (C) Fluorescence image of flagella detached from Chlamydomonas. (D) Optical microscopic image of liposome
attached with flagellum.
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EXPERIMENTAL

Figure 4 shows the method to attach flagella to liposomes. First, we cultivated Chlamydomonas in a liquid medium
for 3days; the Chlamydomonas odal2-Ic2-bccp has flagella tagged with a biotin by genetic engineering technique [9].
Then we collected the Chlamydomonas by centrifugation and added dibucaine-HC1 (Wako junnyaku, Figure 4A) to in-
duce deflagellation (flagellar shedding). We separated flagella from cell bodies by several times of centrifugation. Iso-
lated flagella were suspended in a buffer solution and kept in ice until use. We mixed flagella with streptavidin (Sigma-
Aldrich). Liposomes were made by gentle hydration method [10].The liposome consisted of two kinds of lipids, asolec-
tin (Sigma-Aldrich) and biotynil PE (Avanti). Flagella and liposomes were strongly combined through a specific binding
of streptavidin and biotin (Figure 4B). When we added ATP, flagella were reactivated.

RESULTS AND DISCUSSION

We observed the movements of liposomes actuated flagella under optical microscope. Figure 5 represents movement
of liposomes with/without flagella. Sequential photographs of the movement of a liposome with a flagellum and its tra-
jectory is shown in figure SA and B. A liposome without flagella moved by Brownian motion (Figure 5C). By compar-
ing figure 5B and 5C, we found that the liposome with flagella moved more widely than that without flagella moved.

Figure 6 shows mean-square displacement of liposome (<R’>) with/without flagella. From the theory of Brownian
motion, the dependence of <R*> on time (7) is described as <R’>= 4D, where D is a diffusion coefficient. Figure 7
shows the diffusion coefficients calculated from Figure 6. These results suggest that the liposomes with flagella moved
broader compared to the liposomes without flagella.

In order to improve the movement of liposome with flagella, we coated liposome with annexin (Annexin V, Funako-
shi). Because annexin-coated liposomes have less fluidity of membrane than non-coated one [11], we investigated the
dependence of the mobility of liposomes on the fluidity. As a result, it was suggested that the annexin coated liposomes
has higher mobility than non-coated one.

CONCLUSION
We succeeded in enhancing the mobility of liposomes by attaching flagella to liposomes. Lower fluidity liposomes
seem to have higher mobility indicates the possibility of further efficiency of transportation. We believe that this method
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Figure 4: Attaching flagella to liposomes. (4) Flagella detached from Chlamydomonas by chemical treatment are
mixed with liposomes. (B) Flagella and liposomes are combined with streptavidin, a protein, and biotin, a hydroso-
luble vitamin. Compared with (A), liposomes without flagella move only by Brownian motion.

Figure 5: Movement of a liposome with/without flagella. (4) Sequential photographs of the movement of a liposome
with a flagellum and (B) its trajectory (17 seconds). (C) Movement of a liposome without flagella, caused by Brow-
nian motion. Liposomes with a flagellum moved broader area than liposomes without flagella moved.
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Figure 6: Mean-square displacement  of liposome
with/without flagella. R in the photo indicates the dis-
placement from the starting position of the liposome.
From the theory of Brownian motion, <R> =4Dt. D:
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Figure 7: Diffusion coefficient calculated from figure 5.
Liposomes with flagella moved broader compared to
liposomes without flagella. Annexin coated liposome
has less fluidity of membrane and it was suggested that
liposomes with lower fluidity due to annexin coating ef-
ficiently obtained the power of flagella by comparing

diffusion coefficient.

the mobility of the liposomes with/without annexin coat-
ing.

can be applied to high efficient bioactuating system using MEMS techniques. Since this method is simple and reproduci-
ble, it will be a powerful tool in micro-transportation systems using flagella

ACKNOWLEDGEMENTS

The authors thank Nobuhito Mori (Graduate School of Arts and Science, The University of Tokyo) for useful tech-

nical advices of handling flagella, Kazuhito Tabata (The Institute of Scientific and Industrial Research, Osaka Universi-
ty) for generating liposomes and Ritsu Kamiya (Graduate School of Science, The University of Tokyo) for providing the
cells, Chlamydomonas odal2-lc2-bccp with useful advice cultivating them. This work was partly supported by Grants-
in-Aid for Scientific Research on Priority Areas(innovative science) from Ministry of Education, Culture, Sports,
Science, and Technology (MEXT) Japan.

REFERENCES

(1]
(2]
(3]
(4]
(3]
(6]
(7]
(8]
(9]

[10]

[11]

“Powering an Inorganic Nanodevice with a Biomolecular Motor” R. K. Soong, G. D. Bachand, H. P. Neves, A. G.
Olkhovets, H. G. Craighead and C. D. Montemagno, Science 290 (5496), 1555-1558 (2000).

“Molecular shuttles based on motor proteins: active transport in synthetic environments” H. Hess and V. Vogel,
Reviews in Molecular Biotechnology 82 (1), 67-85 (2001).

“Biomolecular linear motors confined to move upon micro-patterns”, Y Yoshida, R Yokokawa, H Suzuki, K Atsuta,
H Fujita, and S Takeuchi, J. Micromech. Microeng., vol. 16, pp. 1550-1554, 2006.

“A micro-spherical heart pump powered by cultured cardiomyocytes”,Y. Tanaka, K. Sato, T. Shimizu, M. Yamato,
T. Okano, T. Kitamori, Lab on a Chip., 7(2), 207-212, 2007

“Microoxen: Microorganisms to move microscale loads”, D. B. Weibel, P. Garstecki, D. Ryan, W. R. DiLuzio, M.
Mayer, J. E. Seto and G. M. Whitesides, PNAS 2005 102 (34) 11963-11967

“Effect of quantity and configuration of attached bacteria on bacterial propulsion of microbeads”, B. Behkam and
M. Sitti, Applied Physics Letters 93, 223901 (2008).

“Artificial Flagellates: Analysis of Advancing Motions of Biflagellate Micro-Objects”, Nobuhito Mori, Kaori Kuri-
bayashi, and Shoji Takeuchi, Applied Phys L., 96, 083701, 2010

“Cyclical Interactions between Two Outer Doublet Microtubules in Split Flagellar Axonemes”, S Aoyama, R Ka-
miya, Biophys. J., 89(5), 3261-3268, 2005

“Systematic comparison of in vitro motile properties between Chlamydomonas wild-type and mutant outer arm
dyneins each lacking one of the three heavy chains”, Furuta A, Yagi T, Yanagisawa HA, Higuchi H, Kamiya R. J
Biol Chem. 2009 Feb 27;284(9):5927-35. Epub 2009 Jan 4.

“Avidin-biotin immobilization of unilamellar liposomes in gel beads for chromatographic analysis of drug—
membrane partitioning”, Qing Yang, Xue-Ying Liu, Shu-ichi Ajiki, Masayuki Hara, Per Lundahld and Jun Miyake,
Journal of Chromatography B: Biomedical Sciences and Applications707, 10, 1998,131-141

“Diffusion of Single Cardiac Ryanodine Receptors in Lipid Bilayers Is Decreased by Annexin 127, S. Peng, N. G.
Publicover,y J. A. Airey, J. E. Hall,z H. T. Haigler,z D. Jiang, S. R. Wayne Chen, and J. L. Sutko, Biophys. J. 86(1),
145-151, 2004

CONTACT
*Tomoaki KURAKAZU, tel: +81-6452-6650; Kurakazu@iis.u-tokyo.ac.jp

222



	MAIN MENU
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print
	Author Index
	Keyword Index
	Table of Contents

