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INTRODUCTION

AEMC of the ESPP project is the source of environmental data and samples that determine the
stressors that will be studied, provides the environments for growing the organisms to be
tested, simulates stressed environments, and verifies the conceptual models to determine how
these stress regulatory pathways control the biogeochemistry of contaminated sites

Field Studies

DUAL CULTURE SYSTEMS

How does Desulfovibrio vulgaris cooperate with other organisms to grow without sulfate?

To understand this question, we have engineered a syntrophic association between

D. vulgaris and Methanococcus maripaludis such that D. vulgaris can grow and

degrade lactate in the absence of sulfate (Figure 1). We have been investigating

the physiology of this interaction by:

A. Characterizing growth, metabolic activity, and metabolite fluctuations through all

stages of growth in a batch culture environment (Figure 2).
B. Utilizing genomic and physiological data about each organism to construct a

Groundwater bacterial communities were monitored in several wells along a transect that were stimulated via the addition of a potential electrorstoichiometric metabolic model (Figure 3).
donor (i.e., ethanol). Electron donor was added intermittently over 650 days. By day 535, the nitrate levels in the groundwater had decreased C. Campared gene expresslon of each organism grown in coculture with its

from 10 mM to 0.5 mM, and groundwater uranium levels had declined from approximately 2 mg/l to 0.2 mg/I. Bacterial
composition and structure were characterized via clonal libraries of the SSU rRNA gene sequences. The up-stream and injection well had

similar diversity indices, whereas the treatment zone and immediately down-stream well both had increased diversity. When the entire sequence
libraries were compared via LIBSHUFF analysis. The results indicated that the bacterial community composition and structure changed upon
bio-stimulation for metal-reducing conditions, and that sequences indicative of Anaeromyxobacter and Desulfovibrio were detected in wells thaf

displayed a decline in both nitrate and uranium upon bio-stimulation. The results also suggested that, in addition to the presence of desired
populations, an increase in diversity may be important for optimal functionality.
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13C-labelled lactate was injected in August 2004 at the Hanford 100H site to biostimulate chromium reduction. After more than 1 year
chromium was still at non-detect in the stimulated wells. 16s phylochip analyses showed a dramatic increase in diversity at the stimulated
wells, including iron reducers (Geobacter) and sulfate reducers (Desulfovibrio). Sequentially competing terminal electron acceptors were
depleted: oxygen, nitrate, iron(111), and sulfate. 3C was detected in the dissolved inorganic carbon and in the signature lipids (PLFA) of
iron reducers and sulfate reducers. Sulfate reduction was still active after more then a year in the deepest parts of the aquifer, and iron(11)
still dominated suggesting an active Cr(IV) reducing environment. Desulfovibrio strains have been isolated and are currently being
sequenced. Stress responses in these strains will be compared to the pipeline studies on DvH already completed.
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contigs totaling 5.5
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S Genes important to the survival and lfe style in such
environment were found
Extremely low diversity
S Dominatedby  Frateuria -like organism
S Atkast2 Frateuria phylotypes
S Azoarcus species: ess abundant
‘These results suggest that contaminants have dramatic
effects on the groundwater microbial communities, and
these populations are well adapted to such
environments

for cooulure growth (Figure 4).

which genes and pathways are necessary

Figure 2. Growth and metabolite evolution in syntrophic coculture.
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« Analysis of growth, metabolic activity, and fluctuations of metabolites
demonstrates conversion of lactate into acetate and methane by the co-
culture as predicted.

« The activity of the two species is not coupled over time as may be
suggested by the thermodynamic couplings between the metabolic
reactions that each performs. Rather, D. vulgaris is more active in the
early stages of consumption of lactate, while M. maripaludis is relatively
more active after the hydrogen concentration has peaked. These non-
synchronous growth dynamics are evident in the ratio of 168 rRNA
abundance for each species and the linear rather than logarithmic growth
dynamics.

Figure 3. Diagram of stoichiometric model.

« The flux-balance model predicts that either hydrogen or formate may
be used as electron carriers (see red arrows) in this \nteracucn
However, a formate deficient M. mutant is
able to grow in the syntrophic conditions, indicating that formate

Figure 4. Visuslization of microarray data overlaid on . vuigaris mexanahc pathway model
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is not for growth with D. vulgaris.
Future experiments will address whether there are quantitative effects on
syntrophic growth of the ability to metabolize formate

Figure 5. Metabolite flux rates for syntrophic growth
predicted by FBA compared to experimental data.
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« Even though D. vulgaris is fermenting lactate to acetate in the co-culture medium,
genes involved in catabolism of lactate to acetate seem to be downregulated.

«Genes for the sulfate reduction pathway were still expressed in the absence of sulfate.
+Several hydrogenases were downregulated reflecting changes in energy producing

pal ways

gene ion results suggest
formate (data not shown), that reducing power is being
exchanged between the species via formate in addition to hydrogen.
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+ Genome sequencing of strain DePue
underway at the JGI

« Isolation of sulfate-reducers from
Hanford Site 100-H Area field site
currently under way
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Synchrotron FTIR Spectromicroscopy for Real-Time Stress Analysis. By comparing measurements, we
were able to identify tight temporal changes in chemical bonds, functional groups, and chemical
substructures in lipids, DNA, proteins, and polyglucose in D. vulgaris. For example, when exposed to
moderate concentrations of O, or NO, D. vulgaris increases the production of exopolysaccharides but
with little change in protein structures. However, when exposed to moderate concentration of NaCl, D
wulgaris again increases the production of exopolysaccharides while exhibiting a significant change in
protein structures. These studies also enabled focusing of VIMSS transcriptomic, proteomic, and
metabolomic studies on the best time points to rapidlly resolve stress response pathways
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Phenotypic Microarray™ In the last year we have further
refined our phenotyping of DvH to minimize the number of
plates necessary. We have also screened 15 knockout mutants
of DvH and 10 knockout mutants of Shewanella MR1. See
(https://vimss.Ibl.gov/~jsjacobsen/cgi-
bin/Test/HazenLab/Omnilog/home.cgi) for sample data sets
and analyses.
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