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Thesis Summary

Bacterial cellulose (BC) is cellulose produced by bacteria and its biomedical applications
exploiting the high biocompatibility have been intensively studied. Reduction of the production cost
of BC is the challenge for its practical applications. In this thesis we characterize and demonstrate
the BC production processes to maximize the useful properties of BC and reduce the production
cost.

When BC is used as the scaffold material for anchorage-dependent cells, the micrometer-scale
geometry of BC exhibits a great influence on the cellular function. Therefore, we developed a
process to micropattern BC films. In this process, a silicone membrane with microfabricated
structures on the surface is used as a template, along which BC-producing bacteria produce a BC
membrane. The micro structures of the silicone film are transferred to the surface of the BC film.

Next, we proposed a fabrication process to form BC microspheres. In this process, BC
microspheres are formed inside the spherical cavities in hydrogel, where BC-producing bacteria are
encapsulated. The cavities were created by using gelatin as the sacrificial structures, which were
prepared either by emulsification or microfluidic method.

In addition, we developed a new culture process of BC-producing bacteria, where the
BC-producing bacteria are cultured inside a hydrogel tube formed with a microfluidic device. The
hydrogel tube allows nutrition and waste of the bacteria to pass through the wall, while the
competing organisms in the surrounding environment are prohibited to invade the tube due to the
pore size of the hydrogel.

Chapter 1 introduces the research background, application, significance, and objective of this
dissertation, giving preliminary knowledge on the whole paper.

Chapter 2 describes the basics of microorganisms and the theory of culture. Based on that, we
discussed the results of cultivation experiments of BC-producing bacteria that are necessary
throughout this paper.

Chapter 3 proposes the micropatterning process of BC thin films. We characterized the process
with respect to the feature resolution, in particular, the film thickness.

Chapter 4 demonstrates production of BC microspheres. Gelatin microspheres were prepared
by emulsification method, and the feature resolution of the process was clarified. In addition, we
successfully produced BC microspheres with high monodispersity in size by using the microfluidic
method.

Chapter 5 highlights a method for outdoor cultivation of BC-producing bacteria. We
investigated the optimum tube thickness for the efficient culture and then, demonstrated a
proof-of-concept experiment using model target/competing microorganisms. Furthermore, double
network gel was investigated to improve the mechanical strength of the tube.

Chapter 6 summarizes the conclusion of this dissertation.
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