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The double helix meets the crystal lattice: The power and pitfalls of nucleic acid
approaches for biomineralogical investigations
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ABSTRACT

The inability to culture the majority of microorganisms from natural habitats has been
well documented. In response to this constraint, the development and application of cul-
ture-independent methods for studying microbial communities have been a focus of mi-
crobial ecology for the past several years. Molecular approaches, in particular, offer great
potential to investigate the role of microorganisms in areas as diverse as biogeochemistry,
pollutant remediation, and disease causation. The purpose of this review is to give a brief
critique of nucleic acid-based techniques currently used in microbial ecology, to serve as
a reference for those wishing to employ such techniques, and to examine the applicability
of these techniques toward studying the biogeochemical roles of bacteria, especially as
related to metal cycling and biomineralization. Although published reports on the appli-
cation of molecular techniques to biogeochemical and biomineralogical problems are
scarce, this review aims to familiarize biogeochemists and biomineralogists with the
strengths and weaknesses of these approaches. Advances have been made in describing
the diversity of uncultured microbial communities, detecting/identifying specific cells and
functional genes in environmental samples, detecting in situ activities of specific micro-
organisms, and determining some of the factors controlling gene expression in in vitro
studies. However, the current methods provide limited quantitative information about nat-
ural processes. Acknowledging these limitations can assist the development of methods to
answer basic questions concerning the in situ distribution and activities of microorganisms.
Studies relating these in situ measurements of microbial activity and distribution to the
physical and chemical microenvironment will ultimately permit a better understanding of
the importance of microorganisms in mineral formation and dissolution processes.

INTRODUCTION

Although microorganisms have been on this planet for
some 3.8 billion years, we are just beginning to appreciate
the complex interplay between biotic and abiotic pro-
cesses in mineral formation and dissolution (Ehrlich
1995). Pasteur, Winogradsky, and Beijerinck were largely
responsible for convincing the world that microorganisms
are more than mere agents of disease; that they are ca-
pable of mediating an array of geochemical changes.
Their pioneering work provided a stable foundation for
elucidating the role of microorganisms in several impor-
tant geochemical cycles on our planet. Although we have
traveled great intellectual distances to accept the impor-
tance of bacteria in planetary geochemistry, we are still
relatively unenlightened in our understanding of the rel-
ative contributions of abiotic and biotic processes in geo-
chemical and mineral cycling.

The intimate relationship between metals and micro-
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organisms has long been appreciated by microbiologists
and biochemists who recognized that several metals (i.e.,
Na, K, Mg, Ca, Fe, Mn, Co, Ni, Zn, Cu, Mo) are known
to be essential for life processes. Other metals exhibit
toxicity or are not known to have a biological function
(i.e., Cd, Al, Sn, Au, Hg, Pb, etc.), but their speciation
and incorporation into complex minerals is often directly
or indirectly influenced by microorganisms. Furthermore,
microorganisms are known to play a major role in the
formation of many solid phase minerals including metal
oxides and sulfides, carbonates, silicates, and clays (Ehr-
lich 1995).

Biogenic mineral formation occurs by at least two dis-
tinct processes (Lowenstam 1981). The first includes bi-
ologically controlled processes in which the site of min-
eral formation is located within a biological compartment
physically distinct from the extracellular environment.
Minerals formed in this manner consist of well-ordered
crystals that develop in a biologically formed-scaffold;
the mineral type, orientation of crystal axes, and mineral
structure are all under genetic control. These genetically
controlled processes govern the formation of minerals


