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Direct examination of natural and engineered environments has revealed that the majority of
microorganisms in these systems live in structured communities termed biofilms. In addition to
microbial cells, biofilms are comprised of a poorly characterized organic matrix commonly
referred to as extracellular polymeric substance (EPS) that may play roles in facilitating
microbial interactions and biogeochemical reactions including extracellular electron transfer.
Using high-resolution electron microscopy (EM) imaging, we have shown copious amounts of
highly hydrated bacterial EPS to be produced during microbial metal reduction. The
juxtaposition of extracellular electron transfer proteins and nanoparticulate reduced metal
suggested that EPS played a key role in metal capture and precipitation. Here we present a
multi-faceted approach to determine the composition of biofilm-associated EPS using a
combination of synchrotron-based X-ray and infrared microimaging techniques combined with
high-resolution EM and nano-secondary ion mass spectroscopy (nanoSIMS) imaging at the
Environmental Molecular Sciences Laboratory (EMSL) to construct a high spatial resolution,
complex chemical image of a biofilm community. To produce ultrathin sections of biofilms for
scanning transmission X-ray microscopy (STXM) and synchrotron infrared microimaging, we
developed a cryo-sample preparation technique where the traditional sample processing
chemicals that interfere with carbon edge spectra or produce interfering infrared signatures were
omitted. Biofilms were grown to 200 um thick in a constant-depth (bio)film fermenter (CDFF)
and samples were cryo-preserved by flash-freezing. Frozen biofilms sections were prepared
using a cryo ultramicrotome and collected on formvar coated alpha numeric grids. EM analysis
confirmed that an excellent depth-resolved biofilm morphology and cell ultrastructure was well
preserved. After EM imaging, 100 nm thin sections were imaged by STXM followed by
nanoSIMS to obtain chemical information at the nanometer scale that could be correlated to
high-resolution images. In initial studies, we investigated the carbon chemistry and found that
several differences existed between the cell surface and the EPS matrix encompassing biofilm
cells. Concurrent with these studies, synchrotron-based infrared imaging was employed on 1.0
pm thick sections to produce high spatial resolution (0.54 pum) images with infrared spectral data
showing the localizations of key biofilm components (i.e., proteins EPS, nucleic acids, and
membrane lipids) to further construct our chemical image of biofilms. The integration of these
techniques will provide detailed, high-resolution visualizations and corresponding chemical
information that will help us to understand how biofilms influence local biogeochemical
reactions in their environment.
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