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From self-assembling colloids to self-
organizing bacteria in biofilms

Abstract

In this talk I show how mesoscopic
physics can impact fields as diverse

as colloid science and microbiology. R

',‘.‘ vy >
" .u.“hk‘ aY v Yabr g

v
a.4'»

In directed self-assembly  of
colloidal systems, particle shape JERA
can  greatly drive  structure J&i

formation. It is a promising way to

precisely  control  self-assembly
through shape-design of constituent

particles. As an example, we show a
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Fig 1. Glass states formed by kite-shaped micron-

new mechanism of glass formation

revealed in a shape-designed glass-

former system—2D Brownian Kite system,

frequency map

Fig 2. Visit
Pseudomonas Aeruginosa showed a
power-law distribution approximately,
which indicate the bacterial community
self-organizes through a ‘rich-get-richer’
mechanism at the early stages of biofilm.

sized colloids.

which is formed by roughness controlled
depletion attractions.

The same classes of colloid physics
techniques can lead to transformational
progress in bacterial biofilms, which are
self-organized communities of bacteria on
surfaces that can cause major problems in
human health, such as lethal infections in
cystic fibrosis. Despite sustained effort,
much of biofilm development is still
poorly understood. The first social step in

organizing a structured biofilm is the



formation of microcolonies, which are assemblies of 50-100 cells. By translating video
microscopy movies into searchable databases of bacterial trajectories by adapting
algorithms from colloid physics, we show why bacteria form microcolonies for the first

time, using Pseudomonas aeruginosa as a model system.

References:

1. Kun Zhao and T. G. Mason. “Shape-designed frustration by local polymorphism in a

near-equilibrium colloidal glass”, Proc. Natl. Acad. Sci. USA 112(39), 12063-12068
(2015)

2. Kun Zhao, B. S. Tseng, B. Beckerman, F. Jin, M. L. Gibiansky, J. J. Harrison, E.
Luijten, M. R. Parsek and G. C. L. Wong. “Psl trails guide exploration and

microcolony formation in Pseuxdomonas aeruginosa biofilms”, Nature 497, 388-391
(2013)
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~Strategies on improving the micro-fluidic devices using the nonlinear

electro- and thermo-kinetic phenomena~
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Microfluidic technology for fiber-shaped 3D tissue reconstruction

Hiroaki Onoe

Department of Mechanical Engineering, Faculty of Science and Technology, Keio University
onoe@mech.keio.ac.jp

Building up macroscopic artificial tissues from cellular building blocks, such as cell-encapsulating
hydrogel beads, spheroids and cell sheets, has been extensively attempted to construct macroscopic and
functional tissues and organs such as livers and pancreas. As one of the building blocks, I have been focused on
cell-encapsulating hydrogel microfibers, because many essential tissues in our human body are fiber-shaped (ex.
blood vessels, muscles, nerve cords). However, it has been a big challenge for cell-laden hydrogel fibers to
achieve the level of tissue functions in vivo because of the lack of appropriate microenvironment for the
encapsulated cells. Moreover, precise handling of the cell-seeded fibers has not been achieved so far because of
its fragility, which is a bottleneck in tissue construction using fiber-shaped cellular building blocks and in
practical application to medical transplantation.

In this presentation, I introduce a collagen/alginate core-shell hydrogel microfiber that are fabricated
with a double-coaxial laminar flow microfluidic device. The fabricated core-shell hydrogel microfiber provides
both appropriate microenvironments for cell growth and functions and sufficient mechanical strength for
handling. Encapsulated cells in the core collagen can proliferate so that the core space is filled with cells to
form “cell fiber”. These cell fibers exhibit their intrinsic cellular functions, since the cells in the fiber are tightly
connected to each other. Using these cell fibers, I demonstrate the fiber-based assembly of 3D macroscopic
tissues by weaving or reeling up the cell fibers, and the transplantation of the cell fibers for the proof-of-concept
of minimally invasive functional tissue graft.

Na-alginate  CaCl,

solution Double-coaxial

luti
(shell) l?ghl‘éal?;) laminar flow
microfluidic device
—

ECM protein —
with cells
(core

-

Shell:
Ca-alginate hydrogel —

Core: A
ECM protein — 0

Cell-containing

containing cells core-shell
Cell culture hydrogel fibre
: ¥
-100 um *
~200 pm S
Remove shell Metre-long
T cellular microfibre
s \ Cell fibre

Figure 1. (left) Concept of cell-encapsulating core-shell microfiber. (right-top) In the collagen/alginate
core-shell hydrogel fiber, cells fill the core to form the cell fiber and exhibit their intrinsic functions. (right-bottom)
These cell fibers can be used as building cellular blocks to construct 3D macroscopic heterogeneous tissues and
aoolied to in vivo transplantation.

Related publications:

1. H, Onoe, T. Okitsu, A. Itou, M, Kato-Negishi, R. Gojo, D. Kiriya, K. Sato, S. Miura, S. Iwanaga, K.
Kuribayashi-Shigetomi, Y. T. Matsunaga, Y. Shimoyama, S. Takeuchi, “Metre-Long Cell-Laden Microfibres
Exhibit Tissue Morphologies and Functions,” Nature Materials, Vol. 12, pp. 584-590, 2013.

2. H. Onoe, M. Kato-Negishi*, A. Itou, S. Takeuchi, “Differentiation Induction of Mouse Neural Stem Cells in
Hydrogel Tubular Microenvironment with Controlled Tube Dimensions,” Advanced Healthcare Materials,
Vol. 5,No. 9, pp. 1104-1111, 2016.
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