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The Soudan Iron Mine of Northern Minnesota is 

home to many unidentified and largely unstudied 

anaerobic microbial species that oxidize Fe(II) and 

reduce Fe(III), and live over a half-mile underground 

in boreholes of the Banded Iron Formation. For 

purposes of identification and characterization, the 

microbial DNA was sequenced and their 16S rRNA 

gene sequences revealed that these microbial 

communities were diverse and quite likely novel 

species. The goal of the project was to sequence a few 

of the isolated microbial species’ 16S rRNA and use 

selective growth tests to characterize the species. 

Another goal of the project was to get the microbes to 

oxidize synthetic iron in a controlled setting so that 

the electrons from the synthetic iron may be extracted 

and used for alternative energy sources. After 

sequencing and analysis, it was found that the two 

samples sequenced were most closely related to 

Desulfuromonas palmitatis SDBY1. The next step in 

the project would be to further characterize these 

species by changing their selective media by using 

different electron acceptors and donors. Overall, the 

characterization and identification of successful iron 

oxidizing microbes could aid in the synthesis of a new 

bioenergetic resource as an alternative to wasteful 

non-renewable resources that are used today.  

 

Abstract 

Introduction 

Media was prepared that included all of the 

nutrients necessary for the microbial growth of the 

Soudan Iron Mine microbes (i.e. Vitamin Mix, 

Soudan Mine Mineral Mix, MgSO4 * 7H2O, NH4Cl, 

K2HPO4, C2H3NaO2, NaHCO3, and Fe(III) gel). 

The media was autoclaved and bubbled with N2 and 

CO2 to ensure the anaerobic microbes had limited 

access to O2 when put in reactors with Fe(II) to 

extract electrons from the iron. Serial dilutions were 

performed on nine of the iron oxide media tubes 

and grown in a dark cupboard for at least one week. 

These dilutions were grown on marine broth plates 

and colony morphology was used to distinguish 

between the different microbial species on the 

plates. These different microbes were then 

reinoculated in ferric citrate and fumarate tubes. 

Colorimetric ferrozine assays were performed on 

each tube to determine the amount of Fe(II) 

respiration per tube (absorption was measured at 

A562). The project also tried to grow ferric citrate 

colonies that were successful at reducing Fe(III) in 

iron oxide media to see if the samples could reduce 

insoluble Fe(III). Two of the purified samples (G 

and O) were sequenced and analyzed using MEGA 

5.1 software and BLAST search to confirm the 

unique identities of the isolated microbial samples.  

Methods Results Conclusions/Next Step 
The results of the ferrozine assay test shows 

that strains F, G, and O were most successful 

at reducing Fe(III) (Fig. 1). G and O were 

chosen for sequencing (the F strain was 

accidentally diluted out in subsequent ferric 

citrate dilutions and its fumarate sample grew 

too slowly by the time sequencing was done). 

The lengthy purification process was 

successful as only two strains of Marinobacter 

contaminated the ferric citrate tubes (Fig. 2).  

The sequencing results show that the microbes 

studied were unknown and closely related to 

Desulfuromonas palmitatis SDBY1 16S 

rRNA. D. palmitatis is a Fe(III)-reducing, 

obligate anaerobe. It is was also found to 

oxidize many long-chain fatty acids like 

acetate and fumarate (2). To continue the 

project and further characterize the species 

sequenced, more growth tests should be done. 

In deciding what growth conditions to use, 

new electron donors and acceptors could be 

tested. For example, instead of using fumarate 

as an electron donor, it could be used as an 

electron acceptor (2). The isolated strain could 

also be tested using other electron donors like 

lactate, succinate, laurate, palmitate, or 

stearate.  
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Figure 2: Table of BLAST Sequencing Results of O 

and G Samples. Sequences were edited and analyzed 

using Mega 5.1 software. The Max Identity score 

shows the percentage of common bases between the 

DNA sequence of the unknown sample and the DNA 

sequence of the known species. The Query Coverage 

score shows the percent the DNA sequence of the 

known species covers the DNA sequence of the 

unknown species. 

Although the utilization of iron as a cofactor is 

ubiquitous throughout microbial evolution, relatively 

little is known about the mechanism of iron oxidation 

and reduction in capturing, storing, and releasing 

energy. The project aimed to better understand the 

diversity of iron metabolism for the isolated species 

that most successfully respired iron (1,3,4). The study 

began with nine different microbial samples, all 

different in color and soil type. After analyzing the 

results of ferrozine assay tests, three of the microbial 

samples were chosen to continue purifying as it was 

found that they had reduced at least 15 mM of Fe(III). 

In thinking about the utility of microbes that can 

reduce insoluble iron and what that means for 

generating alternative energy sources, the project also 

aimed to isolate microbes that could reduce Fe(III) 

oxide. The next step for the project would be to get the 

successful Fe(III) reducers to oxidize synthetic iron in 

a controlled setting so that the electrons from the 

synthetic iron may be extracted and used for 

alternative energy sources.  
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Anaerobic test tube: after media addition, tube 

is gassed with N2 and CO2 and autoclaved. Then, 

microbes are inoculated into the media using a  

needle and syringe and sterile technique. 

Figure 1: Graph of Fe(III) Citrate Reduction and Fe(II)  

concentration in mM. The samples were prepared by  

incubating them in the dark with HCl for 30 minutes.  

270 uL of ferrozine was added to 30 uL of sample and  

the absorbance at 562 nm was read immediately on a  

spectrophotometer. The concentration of Fe(II) was 

found by using the standard curve equation:  

y=22.808x + 0.0056. The data shows the Fe(III)  

respiration per tube.  
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