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Summary Statement:

This project had as its goals the understanding of the ecophysiology of the genus Shewanella
using various genomics approaches. As opposed to other programs involving Shewanella, this
one branched out into the various areas in which Shewanella cells are active, and included both
basic and applied studies. All of the work was, to some extent, related to the ability of the
bacteria to accomplish electron exchange between the cell and solid state electron acceptors
and/or electron donors, a process we call Extracellular Electron Transport, or EET. The major
accomplishments related to several different areas:

Basic Science Studies:

1. Genetics and genomics of nitrate reduction, resulting in elucidation of atypical nitrate
reduction systems in Shewanella oneidensis (MR-1)[2].

2. Influence of bacterial strain and growth conditions on iron reduction, showing that rates
of reduction, extents of reduction, and the formation of secondary minerals were different for
different strains of Shewanella [3,4,9].

3. Comparative genomics as a tool for comparing metabolic capacities of different
Shewanella strains, and for predicting growth and metabolism [6,10,15]. In these studies,
collaboration with ORNL, PNNL, and

4. Basic studies of electron transport in strain MR-1, both to poised electrodes, and via
conductive nanowires [12,13]. This included the first accurate measurements of electrical
energy generation by a single cell during electrode growth [12], and the demonstration of
electrical conductivity along the length of bacterial nanowires [13].

5. Impact of surface charge and electron flow on cell movement, cell attachment, cell
growth, and biofilm formation [7.18]. The demonstration that interaction with solid state
electron acceptors resulted in increased motility [7] led to the description of a phenomenon
called electrokinesis. The importance of this for biofilm formation and for electron flow was
hypothesized by Nealson & Finkel [18], and is now under study in several laboratories.
Applications:

1. Corrosion: Electron flow is often part of the corrosive process, and several studies were
done in concert with this proposal with regard to the ability of EET-capable bacteria to enhance,
inhibit, or detect corrosion. These included using EET-capable bacteria to detect corrosion in its
earliest stages [5], to use corrosion-causing bacteria for the study of the microbe/mineral
interface during corrosion [1], and to study the groups of microbes involved with corrosion of
natural systems [19].

2. Bioenergy and microbial fuel cells: The production of electricity by Shewanella was
shown early in this program (several years ago) to be dependent on the genes for extracellular
electron transport (EET), and applied work involved the testing of various strains and conditions
for the optimization of current production by the shewanellae [11,14,16].

3. Identification of shewanellae strains: Based on similarities seen in genomic comparisons,
a rapid method was employed for distinguishing between shewanellae strains [17].



Interactions with other laboratories:

This grant was an extension of a grant involving the so-called “Shewanella Federation”, and as
such, a number of our publications were joint with other members of this group. The groups
included:

1. Pacific Northwest Laboratories — PNNL, Hanford, WA

2. Oak Ridge National Labs — ORNL, Oak Ridge, TN

3. Michigan State University, Tiedje Lab, East Lansing, Ml

4. University of Oklahoma, Zhou lab,

5. Naval Research Laboratory, Biffinger, Washington DC

6. Burnham Medical Research Institute, San Diego, CA

7. J. Craig Venter Institute, San Diego, CA

Education:

Graduate Students:

Michael Waters, Ph.D. — now at NIST, Washington D.C.

Lewis Hsu, Ph.D. — now at NRL, San Diego

Howard Harris, Ph.D. — Postdoc at Universite de Pau, France

Everett Salas, Ph.D. — Scientist at Chevron, Sacramento, CA

McLean, Jeffrey, Ph.D. — Scientist at J. Craig Venter Institute, San Diego, CA

McCrow, John, Ph.D. — Scientist at J. Craig Venter Institute, San Diego, CA
Postdocs:

Mohamed El-Naggar — Professor of Physics, USC

Jinjun Kan — Senior Researcher at
Undergraduates:

During this year, we had three undergraduate researchers in the lab, each working on
an aspect of this work, and each involved with an undergraduate honors research project.
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