Exploring the metal-microbe interface using advanced mass spectrometry techniques
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There is currently an unprecedented interest in "Geomicrobiology" driven by the recent discovery that microorganisms can play a dynamic role in promoting and degrading a widerange of mineral phases. These reactions are important because they have a dramatic impact on the solubility and mobility of key trace metals and radionuclides in the environment.  However, high-resolution mapping techniques are needed to gain a better understanding of the mechanisms of metal transformations by microorganisms. Ideally these techniques should give accurate, sub-micron resolution maps of large organic and biological molecules along with elements and isotopes in bacteria and any associated mineral phases. The capability to quantify molecular, elemental and isotopic variation at the submicron level will be very powerful, especially when combined with stable isotope probing techniques to pick out active fractions in a mixed community, or the analysis of mineral phases that have undergone microbially-mediated isotopic fractionation.

The project will focus on the interactions of metal-reducing bacteria with both synthetic mineral phases and natural sediments, and redox active trace metals and radionuclides. Changes in the mineral phases associated with the microbial cell will be characterised using both routine methods (XRD, SEM) and advanced methods of imaging and analysis (ESEM, AFM). In particular we will apply high spatial resolution mass spectrometry techniques to probe the outer compartment of the cell for proteins that play a key role in electron transfer at the metal-microbe interface.  The synchrotron technique STXM will also be used to provide high resolution images of the microbial cell, and the oxidation state/coordination environment of metals associated with key biomineral phases. 

The student working on this cross-disciplinary project will initially concentrate upon developing the techniques for high spatial resolution molecular, element and isotope mapping in biological materials but will also gain training in microbiology, mineralogy, geochemistry and mass spectrometry. They will have access to world-class facilities in the Williamson Research Centre for Molecular Environmental Science, and the Centre for Cosmochemistry and Isotope Geochemistry at the University of Manchester.

For further information contact ian.lyon@manchester.ac.uk 
Relevant Publications
Henkel T., Tizard J., Blagburn D. J. and Lyon I. C. ‘IDLE – Interstellar Dust Laser Explorer – A new instrument for elemental and isotopic analysis and imaging of interstellar and interplanetary dust’ submitted to Journal of Scientific Instruments

Lloyd, J.R. (2003) Microbial metal reduction. FEMS Microbiology Reviews 27 411-425

Lloyd, J.R., Beveridge, T.J., Morris, K., Polya,, D.A. and Vaughan, D.J. (2006). Techniques for studying microbial transformations of metals and radionuclides. In Manual of Environmental Microbiology. American Society for Microbiology. Washington DC (In Press)

Vickerman J. and Briggs D. (eds) TOFSIMS: Surface Analysis by Mass Spectrometry.

IMPublications, ISBN 1-901019-03-9

Vaughan, D.J. and Wogelius R.A. (2000) Environmental Mineralogy. European Mineralogical UnionNotes in Mineralogy Vol. 2, 434pp.

Winograd N. (2003) Prospects for imaging TOFSIMS: From fundamentals to biotechnology.Applied Surface Science 203-204, 13-19.
PAGE  
1

