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Introduction: Mineralization of sedimentary 

biofilms (microbial mats) through precipitation of cal-
cium carbonate may have been the first step in the 
preservation of stromatolites, fossil forms of the oldest 
life on Earth [1, 2]. Although these biofilms dominated 
Earth's biosphere for billions of years, net precipitation 
of minerals in analogous modern ecosystems is un-
usual today, and may give clues to early life [3-5]. Fa-
vorable geochemical conditions and a suitable nuclea-
tion site are required for mineralization to occur [6], 
both of which can be microbially influenced. Specifi-
cally, sulfate-reducing bacteria (SRB) have been corre-
lated with precipitating layers of calcium carbonate in 
modern living stromatolites [7]. Their role is not com-
pletely understood, but may be related to their metabo-
lism (alkalinity increase) [8], their cell surfaces (nu-
cleation sites) [9, 10] or to the production and degrada-
tion of their extracellular polymeric substances (EPS) 
[11-14]. EPS is a general term for the primarily poly-
saccharide polymers comprising the biofilm matrix 
which is produced by many microbes, including SRB, 
in the microbial mat system [15, 16]. In culture and in 
nature, SRB produce copious amounts of EPS with 
functional groups demonstrably capable of binding 
cations and thus forming potential nucleation sites [11, 
12]. Additionally, matrix involvement has been shown 
by cryo-SEM (scanning electron microscopy) of min-
erals precipitating within the polymer matrix of mod-
ern stromatolites, and not associated with cell surfaces 
[17]. Therefore, the importance of the matrix in medi-
ating mineral precipitation in stromatolites, and other 
lithifying mats, has been clearly demonstrated, and the 
abundance and extremely high metabolic activity of 
SRB suggest that they (and their EPS) play a pivotal 
role in the precipitation process.  

Experimental: The purpose of this study was to 
examine in situ the effect of calcium binding by SRB 
EPS, on mineral precipitation. Our approach was to 
use intact biofilms of SRB (pure cultures from sedi-
mentary biofilms) grown in the presence of calcium. 
After a robust biofilm was obtained, the calcium-
containing medium was exchanged for very low cal-
cium medium, followed by a sodium carbonate solu-
tion to raise the pH and alkalinity of the system.  

The bacteria  were grown under controlled condi-
tions in defined media using flowcells. The entire ap-
paratus was set up in a COY anaerobic chamber and 
effluent samples were collected at specific time points 
to monitor growth. The opacity of the inoculated cell 
was also used as a qualitative indicator of growth. Af-
ter a biofilm was obtained and subjected to alkaliniza-
tion, the flowcell device was removed from the cham-
ber and analyzed by confocal laser scanning micros-
copy (CLSM), transmission electron microscopy 
(TEM), and scanning electron microscopy (SEM). 
Mineral location, morphology and composition were 
assessed. 

Results: We were able to grow biofilms of pure 
SRB in flowcells and to induce mineralization. The 
amounts and types (morphologies) of crystals were 
variable and included spherulites, aggregates, and 
rhombohedral morphologies consistent with calcium 
carbonates (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Scanning electron micrographs of (top 

left) the alkalinized SRB biofilm, and higher magnifi-
cation fields of three different types of crystals ob-
tained after biofilm growth and alkalinization. 

Conclusion: The extracellular matrix produced by 
sulfate-reducing bacteria binds calcium and can func-
tion as a nucleation site for calcium carbonate crystal 
formation. 
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