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    Abstract

        
            Microorganisms influence the natural cycle of major elements, including C, N, P, S, and transition metals such as Mn and Fe. Bacterial processes can also influence the behavior of actinides in soil and ground water. While radionuclides have no known biological utility, they have the potential to interact with microorganisms and to interfere with processes involving other elements such as Fe and Mn. These interactions can transform radionuclides and affect their fate and transport. Organic acids, extruded by-products of cell metabolism, can solubilize radionuclides and facilitate their transport. The soluble complexes formed can be taken up by the cells and incorporated into biofilm structures. We have examined the interactions of Pu species with bacterial metabolites, studied Pu uptake by microorganisms and examined the toxicity of Pu and other toxic metals to environmentally relevant bacteria. We have also studied the speciation of Pu(IV) in the presence of natural and synthetic chelators.
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                    Siderophore production and facilitated uptake of iron plutonium in p. putida.

                    
                        Conference
                            Boukhalfa, H; Lack, J; Reilly, S; ... 
                            

                    Bioremediation is a very attractive alternative for restoration of contaminated soil and ground water . This is particularly true for radionuclide contamination, which tends to be low in concentration and distributed over large surface areas . Microorganisms, through their natural metabolism, produce a large variety of organic molecules of different size and functionality . These molecules interact with contaminants present in the microbe's environment . Through these interactions bio-molecules can solubilize, oxidize, reduce or precipitate major metal contaminant in soils and ground water . We are studying these interaction for actinides and common soil subsurface bacteria . One focus hasmore » been on siderophores, small molecules that have great affinity for hard metal ions, and their potential to affect the distribution and mobility of actinide contaminants . The metal siderophores assembly can be recognized and taken up by micro-organisms through their interference with their iron uptake system . The first step in the active iron transport consists of Fe(III)-siderophore recognition by membrane receptors, which requires specific stereo orientation of the Fe(III)-siderophore complex . Recent investigations have shown that siderophores can form strong complexes with a large variety of toxic metals and may mediate their introduction inside the cell . We have previously shown that a Puhydroxamate siderophore assembly is recognized and taken up by the Microbacterium flavescens (JG-9). However, it is not clear if Pu-siderophore assemblies of other siderophores are also recognized.« less
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                    Biotransformations of Plutonium and Uranium by Naturally-Occurring Bacteria

                    
                        Conference
                            Boukhalfa, Hakim; Icopini, Gary; Lack, Joe; ... 
                            

                    DOE sites are contaminated by radionuclides and toxic metals, which are in contact with organic contaminants, reactive minerals, and diverse populations of microorganisms. Actinide species to be stabilized or mobilized in situ via direct and indirect chemical, biological, and geochemical processes. Actinide contamination tends to be broadly dispersed and present at low concentrations and therefore prohibitively costly to remove using conventional methods. Pu contamination is particularly challenging because of personnel exposure concerns and a lack of disposal sites. Bacterial bioremediation is a preferable treatment approach. Given that the radionuclides of most concern to the NABIR program are generally more mobilemore » in their oxidized forms (e.g. Pu(VI), Pu(V), U(VI), Tc(VII), Cr(VI)), proposed biostabilization strategies are generally based upon either in situ sequestration of the oxidized form (e.g. actinide biosorption and bioaccumulation within exopolymers and biofilms) or biomineralization of the reduced form (e.g., direct or indirect production of insoluble hydroxides by DMRB). The feasibility of these approaches is affected by the speciation of actinides under environment conditions. For example, actinides can form complexes with co-contaminants (e.g. EDTA) or natural chelators like siderophores and biopolymers. Resulting complexes can interact with bacteria in several ways to yield biostabilized products or more mobile species that could persist. They are investigating how organic chelators affect the speciation and biotransformation of U and Pu. Previously, they reported how these siderophores bind, desorb and solubilize radionuclides. Here they present new results on EDTA complexation, siderophore-mediated Pu accumulation by aerobic bacteria, and initial studies of Pu reduction by DMRB.« less
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                    Association of actinides with microorganisms and clay: Implications for radionuclide migration from waste-repository sites

                    
                        Journal Article
                            Ohnuki, T; Francis, A; Kozai, N; ...  - Geomicrobiology Journal
                            

                    We conducted a series of basic studies on the microbial accumulation of actinides to elucidate their migration behavior around backfill materials used in the geological disposal of radioactive wastes. We explored the interactions of U(VI) and Pu(VI) with Bacillus subtilis, kaolinite clay, and within a mixture of the two, directly analyzing their association with the bacterium in the mixture by transmission electron microscopy (TEM) and scanning electron microscopy (SEM). The accumulation of U by the mixture rose as the numbers of B. subtilis cells increased. Treating the kaolinite with potassium acetate (CH{sub 3}COOK) removed approximately 80% of the associated uraniummore » while only 65% was removed in the presence of B. subtilis. TEM-EDS analysis confirmed that most of the U taken from solution was associated with B. subtilis. XANES analyses revealed that the oxidation state of uranium associated with B. subtilis, kaolinite, and with the mixture containing both was U(VI). The amount of Pu sorbed by B. subtilis increased with time, but did not reach equilibrium in 48 h; in kaolinite alone, equilibrium was attained within 8 h. After 48 h, the oxidation state of Pu in the solutions exposed to B. subtilis and to the mixture had changed to Pu(V), whereas the oxidation state of the Pu associated with both was Pu(IV). In contrast, there was no change in the oxidation state of Pu in the solution nor on kaolinite after exposure to Pu(VI). SEM-EDS analysis indicated that most of the Pu in the mixture was associated with the bacteria. These results suggest that U(VI) and Pu(VI) preferentially are sorbed to bacterial cells in the presence of kaolinite clay, and that the mechanism of accumulation of U and Pu differs. U(VI) is sorbed directly to the bacterial cells, whereas Pu(VI) first is reduced to Pu(V) and then to Pu(IV), and the latter is associated with the cells. These results have important implications on the migrations of radionuclides around the repository sites of geological disposal. Microbial cells compete with clay colloids for radionuclides accumulation, and because of their higher affinity and larger size, the microbes accumulate radionuclides and migrate much slower than do the clay colloids. Additionally, biofilm coatings formed on the fractured rock surfaces also accumulate radionuclides, thereby retarding radionuclide migration.« less

                        
                            	https://doi.org/10.1080/01490450903456715


                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Life on the Edge: Microbes in Rock Varnish

                    
                        Technical Report
                            Yeager, Chris
                            

                    The newly discovered high concentrations of manganese on Mars open up new possibilities for habitability on that planet [1, 2]. On Earth, there is a close association between Mn deposits and the presence of Mn- and Fe- oxidizing microbes [3-7]; as such, Mn is considered a principal biosignature for Mars [8]. The most common terrestrial Mn-rich surface material on Earth is desert varnish, a dark, shiny coating on rocks in arid locations. Microorganisms occupy various niches within rock varnish, and it is probable that the concentration of Mn in many rock varnishes is mediated by microbial activity [6, 9, 10];more » however, the relationship between microbes and varnish remains a source of long-standing controversy [11]. Do microorganisms drive the formation of varnish, oxidizing Mn and Fe to gain energy, or do they instead utilize varnish as a habitat? This long-standing question has important implications for our understanding of how life on Earth has evolved to capture and harness energy from the physical environment. Additionally, it will greatly influence the search on Mars for the signatures of life that may be present in rock varnish cannot be definitively identified on Mars without first being identified on Earth. Here we explored the microbial species and processes involved in the habitation of rock varnish and identified organic biosignatures that, in concert with trace element and mineralogy, could be used to distinguish the biogenic and abiogenic origins of terrestrial Mn-rich surfaces so that we may then apply the knowledge gained in this work to current Martian datasets from ChemCam. Each of these goals has important implications for our understanding of how life on Earth has evolved to capture and harness energy from the physical environment. A combinatorial experimental approach, utilizing microscopy, high-throughput DNA sequencing, culturing and physiological assays, were used to characterize the microbial communities inhabiting varnished rocks across the Western U.S. Microbial communities inhabiting varnish were shaped by both location (larger contribution) and rock type. However, we found that the unique varnish environment selects for a core group of radiation- and desiccation-tolerant microorganisms across landscapes and rock types. The bacteria comprising this core group include a who’s who of radiation resistant organisms including Rubrobacter spp., Deinococcus spp., Hymenobaceter spp., and Chroococcidiopsis spp. Among the fungi, potential lichen-forming members of the Lecanoromycetes and rock-inhabiting Dothideomycetes were common. Importantly, we found that two of the survival mechanisms employed by these microorganisms are likely key drivers of Mn oxide formation and the biogenesis of varnish. First, we showed that the key cyanobacteria inhabiting the varnish accumulate copious amounts of low molecular weight Mn2+-conjugates, that are critical for their ability to withstand the toxic effects of reactive oxygen species generated upon radiation exposure. Secondly, the microbial community inhabiting varnished rocks were found to be particularly adept at producing siderophores, which are high-affinity chelating compounds secreted by bacteria and fungi that serve to sequester Fe2+ (and Mn2+) from oxidizing environments for transport into cells as essential micronutrients for growth and survival. When tightly bound to organic ligands, Mn2+ is susceptible to oxidation to Mn3+-ligand under atmospheric oxygen and at slightly basic pH levels. Further, Mn3+-ligand can be oxidized to MnO2 (manganese oxide) when it comes into contact with reactive oxygen species (e.g., superoxide radical) formed during the photolysis of water during periods of high UV exposure. The data points towards a scenario whereby cyanobacterial biofilms, and associated radiation resistant, heterotrophic bacteria, comprise the central hub of the varnish community. These communities depend on light and water to slowly establish on the rock surface where they accumulate and concentrate Mn for survival. When the biofilms dry out, mineral rinds rich in Mn oxides form which serve as a habitat for the successive rounds of microbial growth and Mn oxide formation. Copious production and excretion of siderophores, which are extremely stable in the environment, coats the rock surface with a longlived catalyst for Mn oxidation. By discovering these two completely novel mechanisms for biogenic varnish formation, we have gained the underlying knowledge necessary to develop a suite of organic and inorganic biosignatures to distinguish biogenic and abiogenic origins of Mnrich surfaces on Earth or Mars.« less
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                    Microbially Promoted Solubilization of Steel Corrosion Products and Fate of Associated Actinides

                    
                        Technical Report
                            Gorby, Yuri; Geesey, Gill; Caccavo, Jr, Frank
                            

                    This project will probe fundamental scientific issues regarding a microbial process with potential for decontaminating corroding metal surfaces. We hypothesize that dissimilatory iron-reducing bacteria (DIRB), via anaerobic respiration, can quantitatively dissolve amorphous and crystalline iron oxides and thereby release oxide-associated radionuclide contaminants. Associated actinides will be sorbed by cell surfaces or precipitated within biofilms that can be removed and recovered by enzymatic digestion of microbial attachment factors. This environmentally benign, enzymatic process avoids the use of hazardous or toxic chemicals, minimizes the volume and toxicity of secondary wastes, and could be applied in situ. Although an increasing body of scientificmore » literature supports this working hypothesis, a basic understanding is needed of the biological and chemical processes that impact (1) attachment and detachment of iron reducing bacteria to oxide surfaces; (2) the rate, extent, and products of iron reduction; and (3) the fate of radionuclides following enzymatic reduction of corroding steel (which is needed to evaluate and develop effective biological approaches for decontamination of aging metallic structures and piping). The goal of this project is to provide the scientific underpinnings for the development of biologically based approaches for the removal of contaminants from corroding steel surfaces. Specifically, this research will accomplish the following: (1) determine the role of oxide structure, topology, and composition on bacterial attachment and subsequent reductive dissolution of Fe(III) oxide corrosion products that form on stainless and mild steels; (2) identify how soluble electron ''shuttles'' can facilitate the rate and extent of microbial reductive dissolution of iron oxide corrosion products, including surface features and pores inaccessible to bacteria; (3) determine the distributions of radionuclides released during reductive dissolution of oxide films on metal surfaces as a function of aqueous geochemical composition. This project uniquely couples PNNL's expertise in microbial metal reduction and biogeochemistry with Montana State University's Center for Biofilm Engineering's expertise and capabilities in biofilm analysis, engineering, and corrosion. In addition, this research project will take advantage of the capabilities and expertise at PNNL in actinide chemistry and advanced instrumentation for probing the distribution and chemical nature of surface-associated radionuclides and metals associated with the William R. Wiley Environmental Molecular Sciences Laboratory (EMSL).« less
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