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As part of the U.S. Department of Energy’s (DOE) Office of Science, the Office of Biological and Environmental
Research (BER) supports fundamental research and technology development aimed at achieving predictive,
systems-level understanding of complex biological and environmental systems to advance DOE missions in

energy, climate, and environment.

To promote development of a new generation of characterization technologies, BER hosted the workshop, New
Frontiers in Characterizing Biological Systems, in May 2009. Experts from scientific disciplines relevant to DOE
missions and from the enabling technologies (e.g., optical spectroscopy, genomic sequencing technology, electro-
chemistry, electron microscopy, and mass spectrometry) met to determine the opportunities and requirements
for identifying and developing new tools and analytical approaches for characterizing cellular- and multicellular-
level functions and processes that are essential to develop solutions for DOE missions in biofuels, carbon cycling
and biosequestration, low dose radiation, and environmental stewardship. The intent of the workshop was to
broadly explore future technology capabilities that are needed, not current technologies and their development.
Discussion of specific technologies was intended to be illustrative of some promising approaches, but no attempt

was made to be exhaustive.

To define such capabilities, participants were organized into working groups based on areas of biological scale:
cellular, multicellular, and interface processes. This report outlines the workshop’s findings and highlights key

opportunities for establishing a framework for research activities.

Suggested citation for this report: U.S. DOE. 2009. New Frontiers in Characterizing Biological Systems: Report from the May 2009
Workshop, DOE/SC-0121, U.S. Department of Energy Office of Science (genomicscience.energy.gov/characterization/).
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2. Biological Challenges
__________________________________________________________________________________________________________________|
Interfaces Between Microbial Cells and Reactive Solids, from Landscape

A to Microscopic Scales. [Angel Terrace, Mammoth Hot Springs, Yellowstone
National Park, USA. Images courtesy of Bruce Fouke.]

(A) A travertine terracette formed as groundwater emerges at 73°C and 6 pH,

rapidly cooling and then degassing CO, to produce distinct covarying assem-

blages of microbial communities and CaCO, mineral precipitates. Aragonite

(a polymorph of CaCO,) crystal growths composing the travertine grew at

a rate of S mm/day to create the 1-m-thick travertine terracette in less than

9 months. Controlled field experiments have demonstrated that microbial

communities catalyze precipitation of the travertine CaCO, (Kandianis et al.
B 2008). [Image used with permission from the Society for Sedimentary Geol-

ogy. From Veysey et al. 2008.]

(B) Field photograph of filamentous thermophilic microbes encrusted by
CaCO, travertine precipitation. The spring water moves from right to left as
a shallow (< 3 cm deep) turbulent sheet flow that drives rapid CO, degas-
sing. The large (2 mm in diameter and 10 cm in length) individual microbial
filaments are widely spaced and excrete draped sheets of extracellular poly-
meric substance (EPS) that contain abundant elliptical holes caused by water
turbulence, gravity stretching, and gas-bubble release. The travertine directly
C encrusts and thus mimics the morphology of these filamentous microbial mats
that then become well preserved in the geological record (Veysey et al. 2008).
The 16S rRINA clone libraries, T-RFLP*, and metagenomic analyses indicate
that these large filaments are Sulfurihydrogenibium.

(C) A microcomputed tomography scan (left) and a three-dimensional
X-radiograph rendering of Sulfurihydrogenibium filaments (right).

(D) A Sulfurihydrogenibium filament, captured by an environmental scan-
ning electron microscope (ESEM), showing that it is composed of small micro-
bial filaments interwoven to create a larger filament.

(E) An ESEM micrograph showing aragonite (CaCO,) precipitation growing
on a Sulfurihydrogenibium filament at 71°C and 6.2 pH in a field experiment.
Larger aragonite crystals surround densely packed smaller crystals coating a
bacterial filament; significantly larger crystals are precipitating on EPS, filling
the void spaced between microbial filaments. These crystal fabrics are evidence
of microbial catalysis of aragonite crystal growth. [Image used with permission
from the Geological Society of America. From Kandianis et al. 2008.]

See also Fouke et al. 2000 and Fouke et al. 2003.

*Terminal restriction fragment length polymorphism.
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