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1.  I n t r od u c t i on

Microbial metal reduction plays an important role in the cycling of Fe and Mn and 

organic matter in natural environments. Many metal-reducing bacteria can reduce a 

variety of metals and radionuclides including U(VI), Tc(VII), Co(III), Cr(VI), As(V), and 

Se(VI) as well as degrade petroleum hydrocarbons. Metal-reducing bacteria participate in 

a variety of geochemical processes such as weathering and formation of minerals, 

formation of ore deposits, and cycling of organic matter. Metal-reducing bacteria can 

precipitate or transform amorphous/poorly crystalline or crystalline Fe(III) oxides into 

crystalline iron phases such as magnetite (Fe3O4), siderite (FeCO3), vivianite [Fe3(PO4)⋅
2H2O], and maghemite(Fe2O3). 

 Metal-reducing bacteria that grow under diverse environmental conditions. Their 

habitats may be cold polar seas, deep-sea sediments, deep subsurface sedimentary rock, 

highly saline lakes, carbonate springs, inter-tidal flat sediments, groundwater, or soda 

lakes. The objective of this presentation summarizes recent research results on metal 

reduction and biomineralization by psychrophilic, mesophilic, thermophilic, and 

alkaliphilic metal-reducing bacteria isolated and/or enriched from diverse environments.

2.  M et a l - R ed u c i n g  Ba c t er i a  fr om  D i v er s e E n v i r on m en t s

Table 1 shows thermophilic, mesophilic, psychrophilic, and alkaliphilic metal-reducing 

bacteria isolated and/or enriched from a variety of environments such as deep marine 

sediments, sea water near hydrothermal vent, deep subsurface environments, inter-tidal 

flat sediments, groundwater, and a leachate-pond containing high levels of salt and boric 

acid.

 

T a b l e 1. Metal-reducng bacteria isolated and enriched from diverse environments
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3 .   M et a l  R ed u c t i on  a n d  Bi om i n er a l i z a t i on

Metal-reducing bacteria isolated and/or enriched from diverse environments have the 

capacity to reduce various metals and radionuclides (Table 2), which can lead to 

immobilization of these contaminants in subsurface environments. Thermophilic 

microorganisms isolated from Taylorsville and Piceance Basin were found to reduce 

Co(III), Cr(VI), Fe(III), Mn(IV), and U(VI) to reduced species such as Co(II), Cr(III), Fe(II), 

Mn(II), and UO2 at temperatures up to 75°C(Zhang et al., 1996; Roh et al., 2002). 

Mesophilic, psychrotolerant, and alkaliphilic metal-reducing bacteria were also able to 

reduce Co(III), Cr(VI), Fe(III), Mn(IV), As(V), and Se(VI) to reduced species such as 

Co(II), Cr(III), Fe(II), Mn(II), As(III), and Se(0) (Roh et al., 2006, 2007, 2008; Stapleton et 

al., 2005; Ye et al., 2004).

T a b l e 2. Metal reduction and mineral formation by thermophilic, mesophilic,             

            psychrotolerant, and alkaliphilic metal-reducing bacteria 
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The thermophilic bacteria were able to reduce several Fe(III)-species including 

Fe(III)-citrate, Fe(III)-EDTA, and poorly crystalline Fe(III)-oxides using acetate, lactate, 

formate, glucose, pyruvate, and hydrogen as the electron donors. The mesophilic, 

psychrotolerant, and alkaliphilic metal-reducing bacteria were also able to reduce the 

Fe(III)-species using lactate, formate, pyruvate, and hydrogen as the electron donors. 

 Table 2 shows mineralogical characterization of crystalline minerals formed by the 

metal-reducing bacteria. The thermophilic, mesophilic, and psychrotolerant metal-reducing 

bacteria were capable of reducing poorly crystalline Fe(III) oxides and transform them 

into nm-sized magnetite (Fe3O4) crystals. The metal-reducing were capable of reducing 

poorly crystalline Fe(III) oxides and transform them into Fe(II) containing minerals such 

as siderite (FeCO3) under H2/CO2 atmosphere or using HCO3
- in the media. The 

thermophilic bacteria reduced uranyl carbonate [UO2(CO3)3
4-

] and MnO2 and formed 

sparingly soluble minerals including uraninite (UO2) and rhodocrosite (MnCO3). 

Mesophilic, psychrotolerant, and alkaliphilic bacteria precipitated vivianite [Fe3(PO4)2⋅
8H2O] with PO4 (25mM) containing media when soluble Fe(III), Fe(III)-citrate and 

Fe(III)-EDTA, were used as the electron acceptor. Vivianite formation was only observed 

when soluble Fe(III), Fe(III)-citrate and Fe(III)-EDTA, was used as the electron acceptor.


