
 

Research team discovers new conducting
properties of bacteria-produced wires

August 7 2011

  
 

  

A transmission electron micrograph of Geobacter sulfurreducens cells
synthesizing a network of protein nanofilaments which exhibit metallic-like
conductivity. Credit: Geobacter photo by Anna Klimes and Ernie Carbone,
UMass Amherst

The discovery of a fundamental, previously unknown property of
microbial nanowires in the bacterium Geobacter sulfurreducens that
allows electron transport across long distances could revolutionize
nanotechnology and bioelectronics, says a team of physicists and
microbiologists at the University of Massachusetts Amherst.

Their findings reported in the Aug. 7 advance online issue of Nature
Nanotechnology may one day lead to cheaper, nontoxic nanomaterials for
biosensors and solid state electronics that interface with biological
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systems.

Lead microbiologist Derek Lovley with physicists Mark Tuominen,
Nikhil Malvankar and colleagues, say networks of bacterial filaments,
known as microbial nanowires because they conduct electrons along
their length, can move charges as efficiently as synthetic organic metallic
nanostructures, and they do it over remarkable distances, thousands of
times the bacterium's length.

Networks of microbial nanowires coursing through biofilms, which are
cohesive aggregates of billions of cells, give this biological material
conductivity comparable to that found in synthetic conducting polymers,
which are used commonly in the electronics industry.

Lovley says, "The ability of protein filaments to conduct electrons in this
way is a paradigm shift in biology and has ramifications for our
understanding of natural microbial processes as well as practical
implications for environmental clean-up and the development of 
renewable energy sources."

The discovery represents a fundamental change in understanding of
biofilms, Malvankar adds. "In this species, the biofilm contains proteins
that behave like a metal, conducting electrons over a very long distance,
basically as far as you can extend the biofilm."

Tuominen, the lead physicist, adds, "This discovery not only puts
forward an important new principle in biology but in materials science.
We can now investigate a range of new conducting nanomaterials that
are living, naturally occurring, nontoxic, easier to produce and less costly
than man-made. They may even allow us to use electronics in water and
moist environments. It opens exciting opportunities for biological and
energy applications that were not possible before."
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The researchers report that this is the first time metallic-like conduction
of electrical charge along a protein filament has been observed. It was
previously thought that such conduction would require a mechanism
involving a series of other proteins known as cytochromes, with
electrons making short hops from cytochrome to cytochrome. By
contrast, the UMass Amherst team has demonstrated long-range
conduction in the absence of cytochromes. The Geobacter filaments
function like a true wire.

In nature, Geobacter use their microbial nanowires to transfer electrons
onto iron oxides, natural rust-like minerals in soil, that for Geobacter
serve the same function as oxygen does for humans. "What Geobacter
can do with its nanowires is akin to breathing through a snorkel that's 10
kilometers long," says Malvankar.

The UMass Amherst group had proposed in a 2005 paper in Nature that
Geobacter's nanowires might represent a fundamental new property in
biology, but they didn't have a mechanism, so were met with
considerable skepticism. To continue experimenting, Lovley and
colleagues took advantage of the fact that in the laboratory Geobacter
will grow on electrodes, which replace the iron oxides. On electrodes,
the bacteria produce thick, electrically conductive biofilms. In a series of
studies with genetically modified strains, the researchers found the
metallic-like conductivity in the biofilm could be attributed to a network
of nanowires spreading throughout the biofilm.

These special structures are tunable in a way not seen before, the UMass
Amherst researchers found. Tuominen points out that it's well known in
the nanotechnology community that artificial nanowire properties can be
changed by altering their surroundings. Geobacter's natural approach is
unique in allowing scientists to manipulate conducting properties by
simply changing the temperature or regulating gene expression to create
a new strain, for example. Malvankar adds that by introducing a third
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electrode, a biofilm can act like a biological transistor, able to be
switched on or off by applying a voltage.

Another advantage Geobacter offers is its ability to produce natural
materials that are more eco-friendly and quite a bit less expensive than
man-made. Quite a few of today's nanotech materials are expensive to
produce, many requiring rare elements, says Tuominen. Geobacter is a
true natural alternative. "As someone who studies materials, I see the 
nanowires in this biofilm as a new material, one that just happens to be
made by nature. It's exciting that it might bridge the gap between solid
state electronics and biological systems. It is biocompatible in a way we
haven't seen before."

Lovley quips, "We're basically making electronics out of vinegar. It can't
get much cheaper or more 'green' than that."

Finally, this is a story about cross-disciplinary collaboration, which is
much harder to accomplish than it sounds, Lovley says. "We were very
lucky to have flexible funding from the Office of Naval Research, the
Department of Energy and the National Science Foundation that allowed
us to follow some hunches. Also, it took a physics doctoral student brave
enough to come over to microbiology to work with something wet and
slimy." That student, Nikhil Malvankar, now is a postdoctoral researcher
who with Lovley and Tuominen will continue exploring what gives
Geobacter's protein filaments their unique electrical properties.
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