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Summary 

In a screening program, novel mesophilic, thermophilic and extremely thermophilic chem-
olithotrophic bacteria able to grow by mobilization of metals from natural ores were isolated 
from geothermal areas and from ore deposits. A first characterization revealed 3 groups of 
mesophiles differing in morphology, physiology, and biochemical properties from each other 
and from Thiobacillus ferrooxidans, although their taxonomic position is still unknown. 
Among the thermophiles, a Sulfolobus-shapeá isolate is growing on ores at temperatures 
up to 85°C and is therefore the most extremely thermophilic leaching organism known to 
date. 

INTRODUCTION 

In spite of the increasing interest in microbial leaching, the variety of 
organisms known to be able to extract metals from ores is still very small. 
Within the mesophilic temperature range, mainly strains of Thiobacillus 
ferrooxidans and Thiobacillus thiooxidans are known to be involved in 
hydrometallurgical processes [1,2], although the latter is only able to 
attack sulfidic ores in combination with Th. ferrooxidans [3]. In addition, 
Leptospirillum ferrooxidans and L. ferrooxidans-like organisms have been 
described which grow by oxidation of F e 2 + or pyrite at mesophilic tem­
peratures [4,5]. The upper temperature for bacterial leaching has been 
reported to be around 75°C for Sulfolobus brierleyi [6] and related orga­
nisms [7]. Here, we present novel isolates from ore-containing biotopes 
growing chemolithotrophically on natural ores within the mesophilic, ther­
mophilic, and extremely thermophilic temperature range. 
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MATERIALS AND METHODS 

Strains 

The type strains of Thiobacillus ferrooxidans (ATCC 23270) and Thio­
bacillus thiooxidans (ATCC 19377) were obtained from the American 
Type Culture Collection. Leptospirillum ferrooxidans (DSM 2705) was 
supplied by the Deutsche Sammlung von Mikroorganismen. 

Culture Conditions 

The type strains and isolate SP5/1 were cultivated in 9K-medium [8]. 
For the isolates L7, LM1, LM3, MSB9, MSB11, MSB12, and Hö3, Hö5 
we used a mineral salt medium (Ml) containing in g per liter: K C l 0.33; 
MgCl2-6 H 2 0 2.75; MgS04-7 H 2 0 3.45; NH 4C1 1.25; CaCl2-2 H 2 0 0.14; 
K 2 H P 0 4 0.14; K H 2 P 0 4 0.14; NaCl 0.5 and 10 ml trace mineral solution 
[9]. The pH was adjusted to 3.5 with H 2 S 0 4 . The thermophilic isolates 
(TH2, SP3a, Kra23, NA4, VE2) were grown in Allen's medium [10]. To 
100-ml Erlenmeyer flasks were added 30 ml of medium supplemented with 
4 ml of a 20% ferrous sulfate solution or with 0.1 g S° or with 1 g ore 
mixture (Gl) containing 0.25 g pyrite (Grube Bayerland, Oberpfalz), 0.25 
g chalcopyrite (Bad Grund, Harz), 0.25 g sphalerite (Grube Lüderich, 

Fig. 1. Submarine isolate L7. EM-micrograph. Pt-shadowing. Bar, 1 /xm. 



Nordrhein-Westfalen) and 0.25 g pitch blend (Grube Höhenstein, Oberp­
falz) as energy source. The particle size of this mixture was below 1 mm. 
The culture media were sterilized by autoclaving. Sulfur was sterilized 
by steaming for 30 min on three consecutive days at 100°C. The cultures 
were incubated in rotary shakers (New Brunswick) at 150 rpm. 

Analysis of Cell Proteins 

In order to obtain protein patterns, cells from 30-ml cultures (grown 
for 3 to 4 weeks) were harvested by centrifugation and washed twice with 
culture medium at pH 6.5 which did not contain ore. The washed cells 
were then sonicated after suspension in 50 /xl of Laemmli's sample buffer 
[11]. The homogenates were heated for 15 min at 100°C, and 20 fxg of 
protein were loaded on to an exponential Polyacrylamide gel [11,12]. The 
electrophoresis was carried out at 100 V for 15 hours and then the gel 
was stained with Coomassie blue. 

Metal Analyses 

Metal ion concentrations within solutions were determined employing 
an ICP instrument (Lab Test). 

Fig. 2. Coccoid isolate SP5/1 from Pisciarelli Solfatara. EM-micrograph. Pt-shadowing. 
Bar, 1 fim. 



RESULTS AND DISCUSSION 

Collection of Samples 

Within the area of Porto di Levante (Vulcano, Italy), 20-ml samples of 
pyrite-containing [13] geothermally heated sandy sediments of the beach 
and the shallow sea floor with original temperatures between 30 and 50°C 
were taken (samples L7, LM1, LM3, MSB9, MSB11, MSB12). Further 
samples were obtained from continental solfatara fields at Pisciarelli (Italy) 
with temperatures between 30 and 52°C (samples SP5/1, TH2, SP3a) and 
from Kraffla, Namaskarth and Hveravellir (all situated in Iceland) with 
original temperatures between 94 and 100°C (samples Kra23, NA4, VE2). 
The samples were brought to the laboratory without temperature or pH 
control. In addition, ore samples (Hö3, Hö5) were taken from a mud pond 
within the area of the uranium mine Höhenstein (Oberpfalz, FRG). 

Enrichment and Isolation 

For enrichment, 30 ml of ore-containing medium were inoculated with 
about 1 ml of samples and incubated at 30, 37 and 65°C, depending on 
the original temperatures of the samples. After one (thermophiles) to two 
weeks (mesophiles), bacteria became visible, partially attached to the ores 
which could be detected microscopically after fluorescence staining [14]. 

Fig. 3. Isolate Hö5 from an uranium mine. EM-micrograph. Pt-shadowing. Bar, 1 /urn. 


