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This project had the goal(s) of understanding the mechanism(s) of extracellular
electron transport (EET) in the microbe Shewanella oneidensis MR-1, and a
number of other strains and species in the genus Shewanella.

The work was done primarily in the Nealson laboratory at the University of
Southern California (USC), though there were extensive collaborations with a
number of other investigators from the Pacific Northwest Laboratory (PNL), the
Oakridge National Laboratory (ORNL), and the Burnham Institute in La Jolla.

The rationale for this work was based on the extensive advances that we had
made as members of the “Shewanella Federation”.

Accomplishments:

Advances in understanding of Shewanella
With more than 20 genomes sequenced, it was possible to continue our
detailed studies of one strain (MR-1), and to add the comparative genomic
analyses of the other strains of this genus. Thus, we divide this technical
report into two sections: Focus 1) advances in the physiology (regulation),
biochemistry and genomics of strain MR-1; and, Focus 2) understanding
of general properties of the group Shewanella via genomic comparisons.
In addition, we have a number of publications that represent major
advances in technology and/or understanding that are in a
“miscellaneous” section, Focus 3.

Focus 1) Understanding the strain Shewanella oneidensis MR-1. This
bacterium, when isolated by my laboratory, was one of the first dissimilatory
metal oxide reducing bacteria (DMRB) described, and has been a model system
for the study of EET since that time. Significant advances made during the work
funded by this proposal include:

Single cell analyses: Working with Dr. Ken Kemner of ANL, we successfully
showed that the synchrotron X-ray microbeam facility could be used to
characterize the redox state, and elemental composition of single cells of MR-1.
This work resulted in a publication in Science (1).



Characterization of purified enzymes as c-type cytochromes in MR-1:
Working with Dr. Terry Meyer from ASU, we purified and characterized 6 soluble
cytochromes from MR-1, and identified 37 others in the genome of MR-1 (2).
This was the first major purification of such cytochromes, and began a series of
efforts that culminated last year in the successful crystallization of MtrF, one of
the major proteins involved with EET.

Global transcriptome analysis of MR-1: Working with many members of the
SF, we successfully analyzed the transcriptome of MR-1 grown with a variety of
different electron acceptors. This work was the beginning of a monumental effort
in gene-chip analysis of MR-1 (3,4).

Identification and characterization of conductive nanowires from MR-1: A
group effort of many SF members resulted in the publication of a paper (5) in
which conductive nanowires from MR-1 were characterized with regard to their
content and their electrical conductivity. This has led to a major effort by many
others to understand the physical nature of the conductivity and the role of these
structures in EET (11,20,21).

Impact of surface charge on bacterial motility and attachment: Experiments
begun during the funding period were focused on the role of surface charge of
particles and electrodes on the motility and attachment of MR-1. This work was
finished after the grant was terminated, but is rightfully part of the product of this
proposal. The work was published two years ago in PNAS (16).

Nitrogen oxide reduction in MR-1: In collaboration with the Tiedje lab at MSU,
it was determined that the nitrate reduction system in MR-1 (and most other
shewanellae isolates) was an atypical system, and not a true denitrification (12).

Rate of electron transfer to solid substrates: In experiments with poised
electrodes, it was possible, for the first time, to measure the rate of flow of
electrons to a solid substrate (20). This work was repeated in several other labs,
which obtained similar results, and is also consistent with estimates made by the
Nealson lab, using solid metal oxides as substrates.

Focus 2: Comparative analyses of different Shewanella strains

N-acetyl Glucosamine Utilization by strains of Shewanella. In collaboration
with the Osterman laboratory at the Burnham Institute, we studied in detail the
genetics (genomics), biochemistry, and physiology of strains of Shewanella
isolated from a wide variety of habitats. Almost none of them had a complete
pathway for the degradation of NAG, the principal monomer of chitin, yet almost
all were capable of NAG degradation and growth on NAG. Characterization of
these strains revealed many previously unknown genes in NAG degradation, and
greatly enlarged our knowledge of the genus Shewanella (7).



Sugar Utilization by strains of Shewanella. Continued collaboration with the
Osterman lab focused on the utilization of various sugars by the shewanellae,
and revealed many differences in the strategies used by the shewanellae as
compared to their close relatives in the enteric bacteria. This resulted in a large
publication describing the detailed genomic/biochemical properties of sugar
utilization in the shewanellae (19).

Systems Biology and Comparative Genomics of the shewanellae: Several
publications were put together describing the use of comparative genomics for

analyses of the group Shewanella, and these were a logical culmination of our

genomic-driven research (10,15,18).

Focus 3: Miscellaneous

Comparative metal reduction and impact on geobiology of Shewanella
strains: Shewanella strains were compared with regard to secondary minerals
produced during metal reduction, and it was concluded that the different strains
of Shewanella can, under identical chemical and physical conditions, produce
different mineral deposits, implying that the production of secondary products is
biologically mediated, and not simply a matter of supply of reduced metal ions
(13, 14, 17).

Uptake and use of DNA as a carbon and nitrogen source: In collaboration
with PNL scientists, we described the distribution of abilities of various strains of
Shewanella to take up and utilize DNA as the sole source of C and energy. This
is a known, but rather rare trait of heterotrophic bacteria (9).

General Article on Environmental Genomics: Dr. Nealson had the opportunity
of co-authoring an article with Dr. J. Craig Venter, discussing the “state of the art”
of environmental metagenomics, and where it was taking us (8). This field,
especially in marine science, has been led by Venter and the DOE.
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Students and Postdocs Trained during this work:

Graduate Students doing part or all of their Ph.D. work during this
funded research:

Orianna Bretschger: Ph.D. Engineering -- USC* (2010)
John McCrow, Ph.D. Computational Biology — USC (2010)
Mike Waters, Ph.D. Computational Biology, USC (2009)
Everett Salas, Ph.D. Earth Sciences, USC** (2009)

Laurie Barge, Ph.D. Earth Sciences, USC* (2009)

Beverly Flood, Ph.D. Earth Sciences, USC* (2010)

Jeff McLean, Ph.D. in progress, Earth Sciences, USC

. H. Wayne Harris, Ph.D. in progress, Biology, USC
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Postdoctoral Associates:
1. Jinjun Kan, now at the Stroud Water Institute
2. Greg Wanger, now at the J.C. Venter Institute
3. Jason He, now at the Univ. of Wisconsin
4. Moh EI-Naggar, now at USC (dept. of Physics)

Undergraduate Trainees:

We had, on the average ~ 5 undergrads per year in the
laboratory, many of whom did undergraduate honors research, and
participated in the poster competition at the end of the year. These
students were paid in part, or completely by funds from the DOE
grant.





