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Microbes build external protein networks of "nanowires" to export
electrons outside their cell walls.
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To get energy to live and grow, some bacteria build electrical “wires” 100,000 times thinner
than a human hair. They extend these nanowires outside their cell walls and create a
microscopic electrical grid in the surrounding environment. The nanowires allow the bacteria to
“breathe,” using metals instead of oxygen.

Living things generate energy by breaking down bigger chemical compounds into smaller ones
through a series of chemical reactions known as cellular respiration. In each reaction, chemical
bonds are broken, releasing electrons that are transported from compound to compound. At each
step, the electrons give up a little more of their energy, which is siphoned off to do work that
keeps cells alive. At the end of this cascade, the energy-reduced electrons must find a final
resting place in the atomic orbit of some element or compound.

Metals such as iron, manganese, and arsenic—and even radioactive uranium—readily accept
excess electrons, and they are commonly found in soil. But here’s the hitch: Bacteria can’t bring
metals inside their cell walls, because the metals are too big, or toxic to the bacteria, or stuck to
other surfaces. So the bacteria have to export their excess electrons outside, in a process known
as extracellular respiration.

That’s where the nanowires come in. The bacteria use proteins to build thin structures 3 to 5
nanometers in diameter, about the size of a strand of human DNA. These nanowires extend
beyond the bacterial cell walls, where they connect with the metals in surrounding sediments or
water. Often, multitudes of bacteria assemble into a slimy biofilm, which can contain a whole
network of nanowires.
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“Reguera et al (2005) discovered extracellular electrically conductive protein nanofilaments in
Geobacter sulfurreducens and termed them microbial nanowires (MNWSs). This discovery
opened many new avenues of research in nanotechnology and microbiology ... As a part of
anaerobic respiration, some bacteria are capable of transferring electrons to extracellular
electron acceptors in a process termed extracellular respiration. ... MNWs ... act has a conduit
of electrons between cell and distant substrates.”
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