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Overview

There are a number of existing microorganisms, both in the wild and engineered that are
capable of synthesizing materials from the nutrients found in their environment. The goal of this
research is to develop a technique to pattern and manipulate the cellulose synthesizing bacteria
Gluconoacetobacter xylinus (G. xylinus) using electrical fields. If successful, the technology would
enable the ability to structure cellulose fibrils with nanometer diameters into scalable matrices of
designed porosity which could be used as structural materials, scaffolding for functional composites,
or as a carbon precursor for carbon composites. The use of microorganisms as nanonmanufacturing
tools will offer a cheap, sustainable alternative to the current state of the art techniques.

Motivation

The patterning and structuring of bacterial cellulose (BC) is an intriguing area of research.
Bacterial cellulose can achieve up to 90% crystallinity and offers high mechanical strength and
excellent biocompatibility. Compared to other polymers, BC sheets are found to offer a high young’s
modulus in the range of 15-35 GPa and high tensile strength between 200-300 MPa [1]. Additionally,
as a material BC has a water holding capability of up to 99% and naturally produces stable nano-fibril
structures with extremely large surface areas. These unique characteristics enable the combination
of BC with nanoparticles and other polymers of low molecular weights.

State of the Art

While the patterning of microorganisms using electrical fields is a widely studied area of
research, the pattering of G. xylinus with electrical fields is largely understudied. To date, research
groups have investigated the growth of BC while exposed to electric fields under 1V/cm. The results
showed visible fibril alignment of the BC when the G. xylinus was exposed to electrical field gradients
at or above 0.303 V/cm [2]. Additional results concluded that the crystalline structure of the BC is
unaffected when exposed to electrical field gradients less that 1V/cm [3]. Furthermore, it was
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determined that the growth rate of the bacterial cellulose decreases when exposed to electrical fields
over 0.25 V/cm.

The patterning of G. xylinus without the use of electrical fields is the more traditional
approach. Perhaps the easiest and most developed method of patterning cellulose is the production
of cellulose sheets using static growth conditions. More complex patterning methods include the
creation of honeycomb cellulose structures by growing BC on honeycombed patterned agarose and
the magnetic patterning of bacterial cellulose through embedding the cellulose with metal oxide
nanoparticles and exposing magnetic fields.

Intellectual Merit

The focus of this research can be split into four specific goals. The first goal is to investigate
the use of electric fields for the manipulation of G. xylinus to structure planar cellulose fibril patterns.
It is hypothesized that successful manipulation of G. xylinus using light induced dielectrophoresis
(LiDEP) will offer the means to fabricate reproducible fibril patterns on the nanoscale. The second goal
is to understand the effect of the electrical fields on the properties and the throughput of the cellulose
fibers. It is hypothesized that the electrical fields will have an effect on the fiber dimensions and
properties as well as effect the throughput of the G. xylinus bacterium. The next goal is to develop a
technique to fabricate 3-D cellulose structures using electric field particle manipulation. It is
hypothesized that layer by layer fabrication can be utilized for the creation of 3-D cellulose structures.
Lastly the final goal is to functionalize the cellulose structures with various metal oxide nanoparticles
in order to create carbides. The hypothesis is that the cellulose can be functionalized with
nanoparticles and heat treated to create many different types of carbides.

Broader Impact

If successful, the results of this research could be expanded to a number of microorganisms
with the ability to biosynthesize materials. This research will facilitate the use of microorganisms as
nanomanufacturing tools and create precedence for future research and advancements in the use of
synthetic biology for green manufacturing. Additionally, if successful, this research could facilitate the
use of microorganisms for the creation of designed materials and composites with properties tailored
on the nanoscale.

Research Approach

The primary concept to be exploited for this research is the
use of dielectrophoresis (DEP) to manipulate the G. xylinus
bacterium. DEP can be used as a method of noncontact cell
manipulation by using an electric field gradient to induce a dipole
within the cell membrane. The type of DEP to be used in this
research is light induced DEP (LiDEP) otherwise known as
optoelectronic tweezers. LIDEP is a more capable tool for cell
patterning due to the fact that a photoconductive layer is used to
create the electric field gradient, which allows for the electric field
gradient to be dynamic and reconfigurable. Figure 1 features a
common LiDEP setup in which cells are manipulated by sandwiching
the cell culture between two conductive chips while an electrical = pige 1. LiDEP setup to be used for the

manipulation of G. xylinus [4]
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field gradient is introduced by shining a nanoscale sized movie onto the photoconductive layer using
a commercial DLP projector and microscope lens [4].

The primary force that allows for the manipulation of a microorganism using an electric field
is termed the DEP force. The resulting DEP force acting on a particle with volume v can be determined
using equation 1:

1
(1) Fpep = ZVRG[OC]V[E]Z
where a is the effective polarizability of the particle and E is the applied electric field [5].

The experimental plan will begin by constructing an LiDEP setup similar to the one shown in
figure 1. The capabilities of the device will be tested through the manipulation of popularly researched
cells whose DEP parameters are well established. While studying these cells improvements will be
made to the LiDEP device moving towards the goal of manipulating a single cell. Experiments using
Carbon DEP will be conducted on the G. xylinus with the goal of determining the optimal amplitude,
frequency, and media conductivity for DEP manipulation. These results will be expanded to the LiDEP
setup. A culture of cellulose will continuously be synthesized and used to study the
growth/throughput of different media environments, methods of functionalization and heat
treatment into carbides, and the mechanical properties of the cellulose grown under different culture
conditions.

Findings to Date / Conclusions

To date the construction of the LiDEP device is complete and its functionality has been tested
through the successful manipulation of yeast cells. The potential for G. xylinus to be manipulated
using DEP force has been illustrated using carbon electrodes. Thus far the cells show the strongest
DEP force when suspended in a media with a conductivity of 1500uS/cm using an electric field with
an amplitude of 10 1}, and a frequency between 15-20 MHz. Lastly, bacterial cellulose has been
functionalized with ammonium meta-tungstate and heat treated to successfully create tungsten
carbide. The optimal heat treatment process took place in a vacuum environment with a temperature
of 1300 °C, a dwell time of 3hrs, and a heating rate of 5°C/min.
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