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ABSTRACT
Pyrometallurgical and hydrometallurgical technologies for recovery of metals from low grade ores
require high energy and capital costs. Use of microorganisms in leaching of mineral ores is gaining
importance due to the implementation of stricter environmental rules. Microbes convert metal
compounds into their water soluble forms and are biocatalysts of leaching processes. This study was
performed to isolate and characterize iron solubilizing fungi from low grade iron ore for bioleaching
process. Soil samples from iron mine area were used for isolation of iron solubilizing fungi and two
fungal species (NTS-1 and NTS-2) were obtained from enrichment culture method. Bioleaching
experiments were carried out in batch culture to determine the iron solubilising efficiencies of the
isolates. Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) was used to determine
the solubilized iron concentration and strain NTS-2 exhibited 40% higher iron solubilization than strain
NTS-1. The strain was subjected to 18S-ITS sequence of rRNA studies and the phylogenetic analyses
justify a taxonomic position for the strain as a member of Penicillium verruculosum. The isolated strain
could be used in solubilizing iron from low grade ores as an efficient, economical and eco-friendly
alternative to conventional operations.
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1985). Recovery of metals from low-grade ores using
pyrometallurgical and hydrometallurgical technologies
requires high energy and capital costs. Microorganisms
are used to extract many minerals and current
developments in mineral processing using microbes are
targeting other base metals (Johnson, 2008). Microbial
leaching is increasingly applied for metal recovery
from low grade ores that cannot be processed
economically by conventional methods (Bosecker,
1997). Several studies were reported on role of
microorganisms in sorption of metals (Langley and
Beveridge, 1997), dissolution of metals (Banfield and
Hamers, 1997; Barker et al., 1997; Bennett et al., 2001)
and mineral crystallization (Fortin et al., 1997).

1. INTRODUCTION
Biohydrometallurgy is the interaction between
metals and microbes results in the conversion of
insoluble metal forms into soluble forms (Mishra and
Rhee, 2014) which can be recovered through
conventional methods (Brandl and Faramarzi, 2006).
Bioleaching allows the cycling of metals similar to
that of biogeochemical cycles there by reducing the
demand for resources such as ores (Krebs et al.,
1997). The use of microorganisms in leaching of
mineral ores is an efficient, economical and ecofriendly
alternative
to
conventional
hydrometallurgical operations (Gentina and Acevedo,
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The forms of iron found in nature depend on the pH
and oxygen concentration. At neutral pH and in the
presence of oxygen, ferrous iron (Fe2+) is oxidized to
ferric iron (Fe3+) and forms highly insoluble Fe(OH)3
(Manchee, 1977). Microbes convert metal compounds
into their water soluble forms and are biocatalysts of
leaching processes. Many microbes have mechanisms
that enable access to ion from poorly soluble forms
(Martino et al., 2004). One possible way to obtain iron
from low grade ores is through the microbial leaching.
This study was aimed at isolating the iron solubilising
fungi for bioleaching of iron ores and characterization of
the potential strain by 18S rRNA studies.

2.3. ICP-OES Analysis
Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP-OES) with radial torch equipped with
argon saturation assembly was used for the
determination of iron (Thermo Scientific ICAP 6000
series). High purity (99.99%) argon was used as plasma,
auxiliary and nebulizer gas. The gas flows were kept at
15.0 L min−1 for plasma, 1.50 L min−1 for auxiliary and
0.56 L min−1 for nebulizer. Radio frequency power of the
plasma generator was 1.35 kW. Vertical height of the
plasma was fixed at 7 mm. Sample uptake time of 30.0
sec, delay time of 5 sec, rinse time of 10 sec, initial
stabilization time of 10 sec and time between replicate
analyses of 5 sec were maintained throughout the studies
for ICP-OES. 100 mL of ammonium ferrous sulphate
(1000 ppm) was prepared and added with 2 mL of nitric
acid solution and used as stock solution. From the stock
solution 10 mL was taken and diluted to 100 mL with
2% of nitric acid solution to get a final concentration of
100 ppm. From the working solution (100 ppm),
respective concentration was prepared using 2% nitric
acid solution. All the observation of emission was
recorded at 259.94 nm which corresponds to the most
sensitive wavelength of iron. The solubilized iron in the
filtrates of species NTS-1 and NTS-2 was quantified and
the fungal strain which showed maximum solubilisation
of iron was chosen for further identification studies.

2. MATERIALS AND METHODS
2.1. Isolation of Microorganisms
The initial source of inoculum was top soil collected
from Ponda iron mine (15°40’N, 74°01’E), Goa. Mineral
salts media containing 0.4 g each of (NH4)2SO4, K2HPO4
and MgSO4.7H2O (pH, 2.5) per litre was used for
enrichment culture. Media containing 1% (w/v) iron ore
material was inoculated with serially diluted mine soil
sample and incubated in shaking (140 rpm) conditions at
32°C. The grown fungal culture was purified by streak
plate method for bioleaching experiments.

2.2. Bioleaching Studies

2.4. Isolation of Fungal DNA

From the enrichment culture, two fungal strains
(strain NTS-1 and NTS-2) were isolated and screened for
their ability to solubilize iron ore. Bioleaching studies
were carried out in 250 mL of modified Silverman and
Lundgren medium containing (g/L): (NH4)2SO4, 3.0;
KCl, 0.1; K2HPO4, 0.5; MgSO4·7H2O, 0.5; Ca(NO3)2,
0.01, pH adjusted to 2.5 with dilute hydrochloric acid
under batch process. 1% iron ore was used as substrate
and the strains were inoculated followed by incubation at
32°C with shaking (140 rpm) for 28 days. The contents
of the flasks were filtered and added with 10 mL of
concentrated HNO3 and refluxed for about 1 h at
95°C±5°C. The process was repeated until the digestion
was completed and the solution was evaporated to 5 mL.
The solutions were cooled and 10 mL of concentrated
HCl was added into each flask and refluxed for about 15
min to remove the nitrous fumes. The digested sample
solutions were cooled and 20 mL of deionized water was
added into each flask. The digested solutions were
filtered into 50 mL volumetric flask and the volume was
made up to the mark with deionized water to determine
soluble iron concentration.
Science Publications

DNA from species NTS-2 was isolated using
DNAzol reagent. In brief, 1 mL of DNAzol reagent was
added to 1-3 x 107cells in suspension (volume <0.1 mL).
The cells were lysed by gentle pipetting and pelleted
again followed by resuspend in one volume of cold (4°C)
hypotonic solution (20 mM Tris HCl, pH 8.0, 10 mM
EDTA). The cells were pelleted at 4,000 rpm for 10 min
(4°C) and the supernatant was discarded. The DNA was
precipitated from the lysate by the addition of 0.5 mL of
100% ethanol per 1 mL of DNAzol reagent used for the
isolation. The samples were mixed by inversion and
stored at room temperature for 1-3 min. The DNA
precipitate was removed by spooling with a pipette tip
and was swirled onto the tip and attaches it to the tube
wall near the top of the tube by gently sliding the DNA
off the tip. The supernatant was carefully decanted,
leaving the DNA pellet near the top of the tube. The
tubes were placed upright for 1 min and the remaining
lysate was aspirated from the bottom of the tubes. The
DNA precipitate was washed twice with 0.8-1.0 mL of
75% ethanol and air dried.
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2.5. 18S-ITS Sequence
Molecular Technique

of

rRNA

septate hyaline hyphae with branched conidiophores,
phialides and conidia were observed. Phialides form
brush like clusters at the tip of conidiophores.
Bioleaching studies of the isolates were carried out in 9k
medium (Silverman and Lundgren, 1959) for a period of
28 days to compare the efficiencies in iron solubilization.
ICP-OES analysis of the filtrates from bioleaching
experiments revealed that strain NTS-2 solubilized
maximum iron from the ore (Table 1) with a final
concentration of 71.7 ppm (1534 cts/S and 0.179% RSD)
followed by 28.7 ppm from strain NTS-1 (613.1 Cts/S
and 0.236% RSD). The iron solubilization of control
flasks were found as 20.92 ppm. From the results, strain
NTS-2 has shown 40% higher iron solubilization (Fig. 1
and 2) than strain NTS-1 and hence used for further
identification studies. Genomic DNA from strain NTS2 was isolated and 18S rRNA primers were used for
PCR amplification. 18S-ITS sequence of ~1.1 kb
subjected to BLAST analysis showed that strain NTS-2
fell within the radiation of cluster comprising of
Penicillium species. The results obtained from
morphology, gene sequence and phylogenetic analysis
justify a taxonomic position for the strain as a member of
Penicillium verruculosum (Fig. 3) with 100% similarity.
There is a growing interest to adopt microbiological
process over conventional technologies to recover
valuable metals (Gadd, 2000; Rawlings and Johnson,
2007). The ability of microorganisms in mineral leaching
has opened a new avenue bioleaching from metal ores
(Gupta and Sant, 1970). Microbial leaching has potential
uses such as remediation of mining sites and treatment of
metal containing waste products (Bosecker, 2001).
Microorganisms play a prominent role in the
solubilization of metals and minerals in the ecosystems
under
appropriate
environmental
conditions.

Based

The isolated DNA was checked on 0.8% agarose gel
for purity and quality. 18S rRNA gene primers were used
to amplify ~1.1 kb gene from the genomic DNA isolated.
The PCR product obtained was gel purified followed by
quantification and sequenced by 18S-ITS sequence of
rRNA based molecular technique. Sequence data
obtained was subjected to BLAST with NCBI gene
databases based on maximum identity score.

2.6. Phylogenetic Analyses
Phylogenetic analyses were carried out using
Clustal W software 1.8. The Neighbour-Joining (NJ)
method was used to infer the evolutionary history of
strain NTS-2 and identified through molecular and
phylogenetic approaches. The ITS phylogenetic
analyses and the closest relatives obtained from
GenBank supported the major lineages in NJ analysis
identified the genera of strain NTS-2.

3. RESULTS AND DISCUSSION
In order to obtain iron solubilization strain, soil
dilution was prepared and then spread on mineral salts
medium by enrichment technique. Consequently, two
fungal strains were obtained and named as strain NTS-1
and NTS-2 after 15 days of incubation at 32°C.
Macroscopic appearance of strain NTS-1 revealed that
colonies were powdery and green in colour. Microscopic
observation exhibited hyaline septate hyphae with
vesicle formation. Conidiophores were covering only the
partial upper surface with flask shaped phialides. Strain
NTS-2 colonies were seen as velvety, gray green colour
and the reverse was yellowish. Under the microscope,

Fig. 1. Calibration curve for iron
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Fig. 2. Iron solubilization by the isolates

Fig. 3. Neighbour joining tree, based on 18S rRNA gene sequences showing the phylogenetic positions of
Table 1. ICP-OES analysis of samples at A259.94
Sample
Cts/S
Std Dev
Std-1 (0 ppm)
61.687
1.140
Std-2 (20 ppm)
446.290
2.240
Std-3 (40 ppm)
885.820
0.729
Std-4 (60 ppm)
1280.700
4.300
Std-5 (80 ppm)
1743.000
14.000
Std-6 (100 ppm)
2160.400
13.700
Strain NTS-1
613.100
1.430
Strain NTS-2
1534.000
2.010
Control
447.500
0.810

direct enrichment culture method where the mineral is
added to a defined medium for the purpose of isolation
and leaching of the mineral (Goebel and Stackerbrandt,
1994). The other method involves direct isolation from
the surface of the mineral and subsequent utilisation of
the isolates for leaching processes (Delvasto et al.,
2008). This study followed the first method which
allowed the isolation of two fungal isolates namely NTS1 and NTS-2. The genus identified in this study has been
isolated previously (Sabat and Gupta, 2009; Rezza et al.,
1997; Adeleke et al., 2010).
The leaching ability of metal appears to be dependent
on the type of strains used. Fungi may interact with metalcontaining ores depending on their metal tolerance and
ability to influence the metal mobilization (Fomina et al.,
2005). Fungus has been used for the bioleaching in

%RSD
1.8520
0.5030
0.0824
0.3359
0.7853
0.5874
0.2363
0.1161
0.1789

Identification of potential microbes is a major part of the
developmental process in bioleaching. Two methods are
commonly used for the isolation, characterization and
utilization
of
mineral-associated
microbes
in
biohydrometallurgical processes. The first method is the
Science Publications
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which Penicillium and Aspergillus are commonly applied
in metal recovery (Olson et al., 2003). In this study, two
fungal strains were identified based on colonial and
microscopic appearance as Aspergillus and Penicillium.
From the bioleaching studies, potential iron solubilising
strain was identified and further confirmed as
Penicillium verruculosum by 18S ITS sequencing.
Acidophilic microorganisms that take part in
dissolution of metals are autotrophic with low pH
values hence the medium during the isolation was set at
pH-2.5. Bioleaching processes are mediated by the
metabolites produced from microbial metabolic process
(Vasan et al., 2001; Burford et al., 2003; Burgstaller and
Schinner, 1993; Ghorbani et al., 2007) which could aid
the solubilization of complex minerals (Gadd, 1999).
The final pH of the medium after the appropriate
incubation period was found as 3.0 which revealed the
production of organic acids by the isolate. From an
industrial perspective it is essential that biomining
microorganisms must able to grow at low pH and tolerate
high concentrations of acid for better solubilization of
minerals and metals. In this study, P. verruculosum (strain
NTS-2) was able to tolerate low pH values and exhibited
higher solubilization rates from the iron ore.
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4. CONCLUSION
This study involves the isolation and characterization
of iron solubilising fungi from mine soil sample by
enrichment culture technique. 18S-ITS sequencing
studies followed by phylogenetic analysis justified a
taxonomic position for the strain as a member of
Penicillium verruculosum which exhibited 40% more
iron solubilization among the isolates. Isolation of
microorganisms from mine areas is suitable approach to
identify microbes that can solubilize metal ions for
bioleaching process. This study is limited to the
identification of iron solubilising fungi from low grade
ores and further work is needed to evaluate the role of
fungal secondary metabolites involved in the leaching
process. The scope of this study extends by using
Penicillium verruculosum in solubilising iron from low
grade ores as an efficient, economical and eco-friendly
alternative to conventional operations.
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