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Bacterial extracellular polymeric substances
(EPS) play essential role in a wide range of
cellular processes such as biofilm formation,
cell infection, and bacterial attachment to
mineral substrates. In biogeochemistry,
EPS’s chemical reactivity can most likely
directly influence the fate and transport of
heavy metals and radionuclides. The very
fragile, highly hydrated intricate networks of
macromolecules presents a great challenge
in elucidation of its structure because of its
immediate collapse during the dehydration
process that is a prerequisite for all vacuum-
based, high resolution imaging methods,
such as electron microscopy. We applied the
method of Cryo-electron micrscopy for fine
scale imaging of the EPS for obtaining
near-to-native structure preservation,
without artifact caused by physical structural
collapse after losing water during chemical
processing and dehydration.

EMSL acquired a devoted biological TEM
Tecnai T-12 (FEI) with the cryostage in
2006. We built upon its capacity of room
temperature imaging by developing the
capability of Cryo-electron microscopy
(CryoTEM) imaging for observation of
material in its closest-to-natural state (CET).

Model and correlated EM images of cells
and associated EPS structural alteration
resulting from different methods of sample
processing. (A,B) CryoTEM of frozen-
hydrated cells vitrified in amorphous ice
imaged at -178°C. Arrows indicate the
outline of the EPS. (C,D) RT TEM of
initially vitrified cells that have been gently
dried in low vacuum of the DPS.

(E,F) RT TEM of air dried cells, stained
with a negative stain prior to imaging.(D,F)
Notice the significant morphological
difference induced by dehydration.



By studies of Shewanella in precisely controlled conditions, we visualized for the first time the
closest-to-natural state state of hydrated bacterial networks, and we brought the evidence

that extracellular polymers have a much greater function than being just the building blocks of
microbial communities.

Products and Output

New Capability for EMSL Users

The results from this project provide a pathway to addressing scientific challenges in areas of
environmental microbiology, and will bring high demand for applying these means to the variety
of high profile research in the biogeochemistry and structural biology areas.
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