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Microorganisms are likely to have played a significant role in the formation of the Australian regolith 
and in the transport and transformation of minerals within regolith materials.  Single celled bacteria 
were the only forms of life on the planet for approximately 50% of earths history, first appearing about 
4000 x 106 years before present (BP).  More complex eukaryotic organisms such as fungi first 
appeared around 2000 x 106 years BP.  Fossil records suggest that these early single celled organisms 
had similar cell structure to modern bacteria.  In contemporary regolith environments about 5000 
microbial species have been isolated and identified, with one gram of surface regolith material 
containing between 106 - 109 cells.  However, estimates of the total number of microorganisms in the 
regolith range from 100,000 to 1 x106 species, suggesting up to 95% of regolith microorganisms are 
unknown to science. 
 
There is much evidence to suggest a role for microbial processes in shaping contemporary regolith 
environments.  For instance, the weathering of rocks as a result of microbial activity is thought to be 
the dominant form of chemical rock weathering in both geological and contemporary environments.  
Production of organic acids by bacteria (formic, acetic, lactic, pyruvic, succinic, 2-ketogluconic) and 
fungi (nitric, sulfuric, citric, oxalic, gluconic), is a biological mechanism these organisms have 
evolved in order to solubilise and obtain trace elements such as P and S from minerals. 
 
Geochemical transformations resulting from microbial activity in the regolith are also well established.  
One of the most well known is the biological oxidation of pyritic and sulfide minerals, carried out by a 
group of bacteria known as chemolithoautotrophes.  These organisms are highly adapted to low pH 
environments, and utilise Fe or S as electron donors in their respiratory chain, catalysing Fe and S 
oxidation through the production of iron or sulfur oxidase enzymes, bacteria are therefore the key 
biochemical catalysts of geochemical transformations in these environments.  Bacteria responsible for 
the oxidation of sulfide minerals including As, Cu, Co, Fe, Ni, Mo, Pb, Zn  have been isolated from 
sulfidic environments and historically classified as members of the Thiobacillus genus notably 
(Thiobacillus sp., Acidothibacillus sp. Sulfobacillus thermosulfidooxidans and Acidanus brierleyi). 
(Mukhopadhyaya et al., 2000).  
 
Whilst biological processes responsible for mineral weathering and geochemical transformations have 
been identified we still lack a sound mechanistic understanding of the principle biological processes 
underpinning biogeochemical dispersion, mobilization, transport, and mineralisation of minerals & 
trace elements in the Australian regolith.  A more important question is what is the relative role of 
biological and non-biological (abiotic) processes driving mineral transport, transformation and 
accumulation in the regolith. 
BIOLOGICAL ACTIVITY AND BIOGEOCHEMICAL TRANSFORMATIONS 
Much of the current approach to the study of microbial transformations of minerals has focussed on 
the identification of organisms, species diversity and population dynamics, (Baker and Banfield, 2003) 
and their relationship to rates of mineral transformation.  In fact environmental microbiology research 
concerning defining the role of biota in driving biogeochemical transformations in general has 
focussed on establishing the relationship between bacterial diversity and rates of biogeochemical 
processes (Rogers and Colloff, 1999).  In general there is a paucity of evidence from available studies 
linking changes in species diversity or shifts in microbial populations to changes in biogeochemical 
functionality.  Traditional microbiological techniques applied to the study of regolith microbial 
populations fail to identify more than 5% of the species present.  They also fail to determine the 
�functional attributes� of microbial populations responsible for geochemical transformations. 
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FUNCTIONAL MOLECULAR TOOLS 
An alternative approach to determining the mechanistic relationship between microbial activity and 
biogeochemical transformations is to target the �molecular genetic� attributes of microbial populations 
as opposed to their phylogenic attributes (Rogers et al. 2002).    We have developed a new generation 
of molecular biology techniques to study the role of biota in mineral biogeochemical transformations, 
based on the direct extraction of nucleic acids (DNA and RNA) from regolith samples that remove the 
need to isolate/culture and identify individual organisms. They allow direct comparison of 
biogeochemical reaction kinetics, gene expression and biotic diversity of organisms, all in the same 
sample, and represent a major advance over traditional microbiology methods.    
 
Examples of the application of molecular tools to the study of Regolith biogeochemical mineral 
transformations 
 
i. Identification of chemolithotropic microbial functional genes involved in Sulfide mineral  

oxidation  
The suite of genes encoding for sulphide mineral oxidation in bacteria has recently been identified.  
The soxB gene encodes for a diheme cytochrome c enzyme and has been shown to be essential for 
chemolithotrophic sulfide mineral oxidation.  This functional gene has also been identified in 
representatives of all known groups of chemolithotrophic sulfur oxidising bacteria, making it an ideal 
candidate for our functional molecular approach.  Polymerase chain reaction (PCR) techniques have 
beed designed that amplify a 1000 base pair region of the soxB gene sequence (Petri et al. 2001), 
allowing us to apply our existing functional molecular techniques to the study of sulfur oxidising 
chemolithotrophic bacteria activity and presence in sulfidic sediments. 
 
In brief, DNA and RNA were extracted from sulfidic sediments using established techniques.  
Oligonucleotide primers were designed to amplify through PCR soxB gene sequences in sample DNA 
extracts.  The presence of functional genes indicates the presence of the biological potential for S 
mineral oxidation reactions.   Figure 1 summarises the detection of the soxB gene in sulfidic sediments 
actively oxidising in the River Murray Floodplain. 
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Figure 1 soxB functional gene DNA detected in extracts from sulfidic sediments . 1000 bp PCR product 
visualised on 2% agarose gel. Lane 1 100bp DNA ladder; Lane 2-4 A.caldus soxB positive control 
1000bp product; Lanes 5-29 presence of soxB gene in sulfidic sediments; Lane 30 DNA quantification 
marker.

ii. Microbial ecology/population diversity of Bacteria Associated with Gold solubilisation and 
precipitation 

A current LEME PhD project has identified the role of bacteria in gold precipitation and solubilisation.  
In order to identify microorganisms present on gold flakes, numbers of species and if the organisms 
are living, the molecular technique 16S rRNA Density Gradient Gel Electrophoresis (DGGE) analysis 
has been used (Muyzer, 1999). In brief a region of the bacterial 16S gene can be amplified in DNA 
extracts.  PCR products are separated on a DGGE electrophoresis gel, that separates double stranded 
DNA. Each different bacterial species has a unique 16S gene sequence, therefore each band on the gel 

ABSTRACTS - LEME AMEC Minerals Exploration Seminar June 2004 Page 42 



represents an individual bacterial species.  Individual sequences (bands) from the DGGE gel can be 
further analysed by sequence analysis in order to identify the species present. This technique allows 
the analysis of all organisms present, as no culturing and isolation of cells is required. Figure 2 shows 
a representative DGGE acrylamide gel showing bacterial species 16S gene diversity in DNA extracted 
from a single gold flake collected from the Tomakin Park gold mine.  The successful extraction and 
amplification of DNA from single gold flakes, confirms that the microbial biofilm thought to be 
responsible for solubilisation and precipitation reactions is �alive�. 
 

 
 
Figure 2.  16S rRNA Density Gradient Gel Electrophoresis profiles of  bacterial populations on gold flakes 
collected at the Tomakin park gold mine.  16S V3 region amplified in soil DNA extracts with degenerate 
oligonucleotide PCR primers 27FGC and 534R.  PCR product visualised on a 35-60% urea/formamide 
acrylamide gel (8%), 120V 20hrs. 
 
Both these CRC LEME sponsored studies have demonstrated the application of new molecular 
techniques to the study of biological mineral transformations in the regolith.  The core aim of LEME 
activities in this area is the identification of mechanisms, processes and physico-chemical conditions 
in contemporary environments where biogenic weathering, biogeochemical transformations and 
dispersion dominate.  Allowing the development of predictive models to identify where in the regolith 
biological mineral transformation and transport processes have occurred in the geological past. 
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