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1. Title of Experiment:

X-ray microscopy of bacterially modified surfaces and particles for bio-remediation efforts.



2. Principal Investigator:

Prof. Brian Tonner and Prof. Kenneth Nealson

Affiliation:

 Lab. For Surface Studies , University of Wisconsin-Milwaukee and

Jet Propulsion Laboratory, and Cal-Tech



 

PHONE:   414-382-1706               FAX: 414-382-1705              E-MAIL:  knealson@alpha2.csd.uwm.edu



3. Abstract:

This project is a collaboration between a biology group and a surface chemistry group, to apply high spatial and spectral resolution synchrotron spectroscopy to study the modification of surfaces by micro-organisms. The biology component is led by Prof. Kenneth Nealson, a member of the Center for Great Lakes Studies, who is the discoverer of a class of bacteria that chemically modify Mn and form inorganic Mn compounds. The surface chemistry group is led by Dr. Brenda Little of the Stennis Space Center. Dr. Little is an expert in environmental scanning electron microscopy, and is using this technique (among others) to study microbial corrosion processes. The goal of this project is to further understand the biological role of inorganic manganese compounds in the metabolism of bacterial micro-organisms, and to study the modification of surfaces and particles of radioactive contaminants by bacteria during their life cycle. The experimental approach involves the use of high resolution x-ray microscopy with absorption-edge differential contrast. Without spatial resolution, these studies have been seriously limited in terms of the interpretation of both biological problems, because the action of the micro-organisms is not spatially homogeneous. These experiments will improve our understanding of the mechanism of attachment of bacteria to surfaces (bio-fouling), and the production of Mn-oxide microcrystals by bacteria, which subsequently adsorb radioactive contaminants. THIS PROJECT WAS RECENTLY FUNDED BY OHER/DoE AS PART OF THE NATURAL AND ACCELERATED BIOREMEDIATION PROGRAM (NABIR).



4. Beamlines of preference

Beamline 6, XM1.    Contacts: W. Meyer-Ilse, B. P. Tonner



5. BEAMTIME REQUIREMENTS

A. I would like time in the following cycle:      APRIL 98 - SEPT 98

B. Estimate the total number of days required to complete the program:    15 shifts XM1

C. We wish to run on a shift by shift basis.

�6. COWORKERS

Prof. Kenneth Nealson�Center for Great Lakes Studies��Dr. Brenda Little�Stennis Space Center, Naval Research Laboratory�� Dr. Douglas Lies�Center for Great Lakes Studies��Dr. Alexander Tsapin�Center for Great Lakes Studies��Mr. Richard Ray� Stennis Space Center��Dr. Mike Leonardo�Center for Great Lakes Studies��Dr. Joerg Rothe�UW-Milwaukee��



7. EXPERIMENT REQUIREMENTS

Energy range:   300 - 800 eV        Spot size on sample:     N/A

Resolution: Energy     N/A               Other:      none    

Experimental Station: Providing own chamber? NO. Using XM-1.





8. SAFETY/VACUUM



No vacuum system is used. 



HAZARDOUS MATERIALS:

No hazardous materials will be used.





9. As Principal Investigator for this proposal, I certify that everything in this proposal is accurate and that my research team will abide by the rules and regulations at the Advanced Light Source. I also certify that the work described in the proposal is not proprietary and upon completion of research will be published in the open literature:

Spokesperson’s Signature�Date_JAN 8, 1998



�X-ray microscopy of bacterially modified particles for bio-remediation efforts.

The study of the interaction of micro-organisms using surface science techniques is a relatively new field. Bacterial attachment to surfaces is the first step in a process that leads to the formation of a ‘bio-film’, which in turn is the progenitor to bio-fouling, a problem of tremendous industrial importance. The attachment of bacteria to surfaces, which begins this chain of events, can be ac�companied by a change in the metabolism of the micro-organisms involved. It is well known that bacterial attachment to a surface causes chemical changes in the surface, an effect which is called bio-corrosion when it is detrimental to the surface properties. Even the most fundamental issues in the chemistry of bacteria-surface interactions are poorly understood at this point in time. An example of an open question is the degree to which the changes at a surface are due to inorganic reactions that are a by-product of cell attachment (changes in local pH, for example), rather than by direct interaction of the micro-organism with inorganic metal ions at the surface.

�

Fig. � SEQ Fig. \* ARABIC �1�: X-ray micrograph of bacteria (dark ellipses) creating Mn-oxide pre�cipitates (lighter material). Field-of-view 10 microns.

This project deals with the interaction of bacteria with inor�ganic surfaces. The surfaces are both artificially made and naturally occurring. Artificial, or man-made, surfaces in�clude stainless steel, and other films such as elemental met�als and single-compound metal-oxides. These films serve as model substrates to study the process of bio-corrosion. Natural surfaces are those of mineral particles, in which case the interactions are studied as examples of bio-chem�istry in the environment. In both cases, the bacteria used are those that exhibit metabolism of transition metals com�pounds. We believe the results of our studies will have a significant impact in environmental and soil biochemistry, in the problems of bio-fouling and bio-corrosion, and in bio-remediation of soils and water contaminated by metals. 

The reduction of metals by respiratory bacteria is a field that began in 1988, with the discovery of bacteria that could grow by metabolism of either manganese (Meyers and Nealson, 1988) or iron (Lovley and Phil�lips, 1988). Prof. Nealson of this proposal is the discoverer of the Mn reducing bacterium She�wanella putrefaciens, which is an organism we continue to use for our mechanistic work. There are strains of microbes that engage in Mn oxidation, or in Mn reduction, as part of their metabo�lism. Other bacteria similarly use an Fe redox cycle, and the possibility exists for isolating strains that utilize other transition metal elements, such as Chromium. 

Learning to control the process of bacterial attachment to, and modification of, surfaces, has many potential applications. The applications stem from viewing the micro-organisms as renew�able chemical factories, which can be immobilized on surfaces for various uses. Applications that would use byproducts of bacterial metabolism include removing pollutants from soil and water (both inorganic and organic pollutants). For example, the Mn oxidizing bacteria produce very large deposits of insoluble manganese oxides, removing this metal from the surrounding water. Understanding bacterial attachment to surfaces is a necessary step to controlling microbe adsorp�tion and adhesion. To minimize bio-fouling and bio-corrosion, attachment must be impeded. To utilize immobilized bacterial ‘factories’, attachment must be con�trolled with specificity.

We propose to use newly developed synchrotron tools for studying the chemistry of interactions of microbes with surfaces. Specifi�cally, we will use soft x-ray spectro-microscopy to see chemical modifications induced by bacteria in inorganic substrates, to de�termine the chemical composition of bacterially produced insolu�ble inorganic material, and to determine the nature of transition-metal complexes formed in or on the bacterial cells. There are inter�esting questions to resolve in both the applications oriented aspect of the problem, and in the area of biological metabolism. High spatial resolution is needed, since the bacteria are of order 1 mi�cron in size, and the chemical processes they induce are localized near immobilized cells (see � REF _Ref373124486 \* MERGEFORMAT �Fig. 1�). 

We have a solid publication track record in the bio-chemistry of iron and manganese interactions with bacteria, that will guide the evaluation and acceptance of the new information we derive from these spectro-microscopy experiments. Past work with the species S. putrefaciens includes studies of solid Mn(IV) oxides (Burdige et al., 1992; Meyers and Nealson, 1988); soluble Mn(III) forms (Kostka et al., 1995), solid Mn(III) (Larsen et al., 1997), and several iron oxides, including magnetite (Kostka and Nealson, 1995), and the structural iron in smectite clays (Kostka et al., 1996).

Along with the study of the Mn composition in biologically produced precipitates just men�tioned, we will begin to look at the chemical modification of surfaces by bacterial adsorption. The experimental protocol is to grow bacterial cultures on various artificial substrates (sputtered MnO2 for example), and then use spectro-microscopy to determine the correlation between bacte�rial adsorption and chemical modification of the surface. The questions that we wish to resolve are both fundamental (in biology) and practical (in the surface science of bio-corrosion). We will determine what chemical oxidation or reduction takes place at the point of bacterial attachment. This will help isolate processes that are mediated by solution chemistry (not spatially localized) from those that require direct biological action (correlated with cell attachment).

Our group has experience in studying bio-corrosion processes (Fe, Mn and other species) using advanced microscopy techniques such as the environmental SEM (E-SEM) and confocal laser microscopy, and coupling the microscopy results to physiological studies (Little et al., 1997; Larsen et al., 1997). The availability of these powerful additional technique (E-SEM, confocal), which can image ‘moist’ specimens (but do not have chemical state information), will be of great benefit to helping to interpret the X-ray spectro-microscopy results. It will also result in a clear identification of the value of X-ray spectro-microscopy, in terms of what cannot be done with ‘conventional’ electron microscopy techniques.

Because of the availability of an accurate data base of Mn absorption spectra, and our expertise in the microbiology of Mn metabolizing bacteria, this program will initially focus on these spe�cies of micro-organisms. However, the Mn system is only one of many bacterial systems with which we have experience, and which have similar fundamental and applied problems that can be addressed by spectro-microscopy. For example, we are initiating a project to develop bacterial strains which are capable of reduction and detoxification of Cr(VI), which is a critical contami�nant in the environment. Furthermore, our group is also active in isolating the specific proteins that catalyze the substrate chemistry directly. Evidence is available that these proteins are located on the cell wall, implying that metal reduction takes place exterior to the cell (Meyers and Meyers, 1992). As the resolution of spectro-microscopy improves (to 50 nm and below), it will become possible to perform definitive, and very exciting, studies of the location of metal-oxide components within the bacterial cell structure.
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