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Minerals and microbes undergo complex interactions in nature that impact broad 
aspects of near-surface Earth chemistry. Our primary objective in this project was to gain 
insight into how microbial species and communities acquire critical but tightly held 
nutrients residing on or within minerals common in rocks and soils, and to quantitatively 
study related microbe-mineral interactions including cell adhesion, electron transfer, and 
siderophore-mineral interaction processes. 

PROJECT DESCRIPTION: 

The overall purpose of this project was to search for and delineate fundamental 
physiological strategies and/or environmental conditions by which microbial species 
interact with minerals and mediate release of strongly bound nutrients/contaminants from 
mineral surfaces. The underlying hypothesis is that microbes employ specific 
physiological strategies and/or take advantage of specific environmental circumstances 
that result in release of chemical components tightly bound to mineral surfaces. This was 
studied in various ways, including 1) using a model nutrient-mineral system of 
orthophosphate sorbed to goethite in the presence of a soil derived microbial consortium, 
2) using biological force microscopy (BFM) techniques to characterize interactions of 
metal reducing bacteria with iron oxyhydroxide minerals, and 3) using chemical force 
microscopy (CFM) to study the interaction of bacteria-produced siderophores on iron 
oxyhydroxide minerals. 

RESULTS AND CONCLUSIONS: 

The principal results and conclusions of this three-year study are given in the 
bulleted list below. Peer-reviewed publications from this project are listed in the section 
following this one. Full details of our work can be found within these publications. 

0 We ran long-term (several weeks to two months) chemostat experiments using a soil 
inoculum and synthetic goethite with sorbed orthophosphate (Tadanier, 2002). In 
these runs, we determined that the consortium utilized about 80% of the sorbed 
phosphate during the four-day hydraulic retention time in the chemostat. A low 
molecular-weight organic acid produced by one or more members of the consortia 
was identified as either citric or gluconic acid. Goethite was also reductively 
dissolving, and it aggregated at low glucose concentrations in the chemostat 
bioreactor. Methods were optimized to allow direct extraction of DNA fiom 
microorganisms in our soil inoculum and chemostat effluent. The dominant player in 
our chemostat runs was identified as Burkeholderia cepacia. This study demonstrated 
the ability of a soil consortium of microorganisms to liberate a critical, tightly bound 
nutrient fiom mineral surfaces, allowing several species to thrive under the conditions 
of our experiments (Tadanier et al., 2002). 
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As a major portion of this study just described above, we focused on the ability of 
various surface complexation models to adequately describe nutrient adsorption and 
mineral surface charging phenomena. Our results demonstrate that commonly used 
surface complexation models are unable to adequately describe orthophosphate- 
goethite adsorption behavior over a wide range of surface coverage nor adequately 
describe surface charging behavior. We therefore implemented the 
thermodynamically, electrostatically, and cyrstalographically more robust Charge- 
Distribution Multi-Site Complexation model in FITEQL 4.0, which allowed both the 
adsorption and surface charge data to be satisfactorily modeled for the first time 
(Tadanier and Eick, 2002). 

We used BFM to study the nanomechanical properties of biomolecules that bridge the 
interface between Shewanella and goethite when they are in contact. The force curves 
collected by BFM suggests the presence of an outer membrane protein produced by 
the bacterium that may play a role in mediating electron transfer to the mineral. The 
results of these studies provide direct evidence that microorganisms actively 
recognize minerals and produce or localize biomolecules at the interface with the 
mineral (Lower et al., 2000b, 2001,2002) 

We also successfully isolated the siderophore azotobactin (1.3 kDa) from Azotobacter 
vinelandii (a nitrogen-fixing soil aerobe), and selectively attached it to hydrazide- 
terminated AFM tips using protein-coupling techniques. Using this CFM approach, 
we have shown that azotobactin has a much greater affinity for iron oxyhydroxide 
mineral surfaces compared to isostructural aluminum minerals (Kendall and Hochella, 
2003). This result supports our working hypothesis that siderophore-mediated 
acquisition of iron involves direct interaction between the siderophore molecule and 
the mineral surface in aqueous Fe-limited environments. Molecular modeling of this 
system suggested specific siderophore-mineral confirmations that most likely 
dominate this processes (Kendall et al., in prep.). 
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Note: All publications listed below are in peer-reviewed books, journals, and 
proceedings. Each publication (except the abstracts listed at the end) specifically 
acknowledges DOE, under grant number DE-FG02-99ER15002, for financial support. 
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