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ABSTRACT

Pyrometallurgical and hydrometallurgical technotmgifor recovery of metals from low grade ores
require high energy and capital costs. Use of noigganisms in leaching of mineral ores is gaining
importance due to the implementation of stricterviemmental rules. Microbes convert metal
compounds into their water soluble forms and amcdtalysts of leaching processes. This study was
performed to isolate and characterize iron solainij fungi from low grade iron ore for bioleaching
process. Soil samples from iron mine area were tdigedsolation of iron solubilizing fungi and two
fungal species (NTS-1 and NTS-2) were obtained frentichment culture method. Bioleaching
experiments were carried out in batch culture ttewheine the iron solubilising efficiencies of the
isolates. Inductively Coupled Plasma-Optical EngissEpectroscopy (ICP-OES) was used to determine
the solubilized iron concentration and strain NT8&x&ibited 40% higher iron solubilization than #tra
NTS-1. The strain was subjected to 18S-ITS sequefc®NA studies and the phylogenetic analyses
justify a taxonomic position for the strain as amber of Penicillium verruculosum. The isolated strain
could be used in solubilizing iron from low gradee® as an efficient, economical and eco-friendly
alternative to conventional operations.
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1. INTRODUCTION 1985). Recovery of metals from low-grade ores using
pyrometallurgical and hydrometallurgical technokxyi
Biohydrometallurgy is the interaction between requires high energy and capital costs. Microorgrasi
metals and microbes results in the conversion ofare used to extract many minerals and current
insoluble metal forms into soluble forms (Mishradan developments in mineral processing using microles a
Rhee, 2014) which can be recovered throughtargeting other base metals (Johnson, 2008). Miatob
conventional methods (Brandl and Faramarzi, 2006).leaching is increasingly applied for metal recovery
Bioleaching allows the cycling of metals similar to from low grade ores that cannot be processed
that of biogeochemical cycles there by reducing theeconomically by conventional methods (Bosecker,
demand for resources such as ores (Krebsl., 1997). Several studies were reported on role of
1997). The use of microorganisms in leaching of microorganisms in sorption of metals (Langley and
mineral ores is an efficient, economical and eco- Beveridge, 1997), dissolution of metals (Banfielida
friendly alternative to conventional Hamers, 1997; Barkeat al., 1997; Bennetét al., 2001)
hydrometallurgical operations (Gentina and Acevedo,and mineral crystallization (Fortiet al., 1997).
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The forms of iron found in nature depend on the pH 2.3, ICP-OES Analysis

and oxygen concentration. At neutral pH and in the

; ; - Inductively Coupled Plasma-Optical Emission
presence of oxygen, ferrous iron {feis oxidized to _ . I
ferric iron (FE") and forms highly insoluble Fe(OH) SPectroscopy (ICP-OES) with radial torch equippéith w

; argon saturation assembly was used for the
i(rl:/tl(?ntﬂ;?f 'W;?ei?éomgéo?grsmgogxzrtage:%cc;gi:ﬂindsdet_ermina_tion of_ iron (Thermo Scientific ICAP 6000
leaching processes. Many microbes have mechanism§e”_e_s)' High punty_(gg_gg%) argon was used asrpég
that enable access to ion from poorly soluble formsauxlllary f']‘['ld nebulizer gas. The 935 flows .\{veretleﬂp
(Martino et al., 2004). One possible way to obtain iron 15:0 L min for plasma, 1.50 L min for auxiliary and
from low grade ores is through the microbial leaghi ~ 0.56 L min™ for nebulizer. Radio frequency power of the
This study was aimed at isolating the iron solshifj ~ Plasma generator was 1.35 kW. Vertical height & th
fungi for bioleaching of iron ores and characteimmof ~ Plasma was fixed at 7 mm. Sample uptake time db 30.

the potential strain by 18S rRNA studies. sec, delay time of 5 sec, rinse time of 10 sedjaini
stabilization time of 10 sec and time between oz
2. MATERIALSAND METHODS analyses of 5 sec were maintained throughout traiest

for ICP-OES. 100 mL of ammonium ferrous sulphate

2.1. Isolation of Microorganisms (1000 ppm) was prepared and added with 2 mL oicnitr

acid solution and used as stock solution. Fromstbek
The initial source of inoculum was top soil colledt  sojution 10 mL was taken and diluted to 100 mL with

from Ponda iron mine (15°40°'N, 74°01'E), Goa. Miakr 294 of nitric acid solution to get a final concetia of
salts media containing 0.4 g each of (WSO, K;HPO, 100 ppm. From the working solution (100 ppm),
and MgSQ.7H,O (pH, 2.5) per litre was used for respective concentration was prepared using 2%c nitr
enrichment culture. Media containing 1% (w/v) irore  acid solution. All the observation of emission was
material was inoculated with serially diluted miseil recorded at 259.94 nm which corresponds to the most
sample and incubated in shaking (140 rpm) condit®n  sensitive wavelength of iron. The solubilized iionthe
32°C. The grown fungal culture was purified by ake filtrates of species NTS-1 and NTS-2 was quantiied
plate method for bioleaching experiments. the fungal strain which showed maximum solubilisati

of iron was chosen for further identification stesli

. . 2.4. |solation of Fungal DNA

From the enrichment culture, two fungal strains
(strain NTS-1 and NTS-2) were isolated and scredmed DNA from species NTS-2 was isolated using
their ability to solubilize iron ore. Bioleachingusies DNAzol reagent. In brief, 1 mL of DNAzol reagent sva
were carried out in 250 mL of modified Silvermardan added to 1-3 x T@ells in suspension (volume <0.1 mL).
Lundgren medium containing (g/L): (NHSO, 3.0; The cells were lysed by gentle pipetting and pedlet
KCI, 0.1; K;HPQ,, 0.5; MgSQ-7H0, 0.5; Ca(NQ@),, again followed by resuspend in one volume of cdRC)
0.01, pH adjusted to 2.5 with dilute hydrochloricida  hypotonic solution (20 mM Tris HCI, pH 8.0, 10 mM
under batch process. 1% iron ore was used as atéstr EDTA). The cells were pelleted at 4,000 rpm forriid
and the strains were inoculated followed by incidvaat (4°C) and the supernatant was discarded. The DN& wa
32°C with shaking (140 rpm) for 28 days. The cotgen precipitated from the lysate by the addition of b of
of the flasks were filtered and added with 10 mL of 100% ethanol per 1 mL of DNAzol reagent used fer th
concentrated HN© and refluxed for about 1 h at isolation. The samples were mixed by inversion and
95°C+5°C. The process was repeated until the dagest stored at room temperature for 1-3 min. The DNA
was completed and the solution was evaporatedith.5  precipitate was removed by spooling with a pipéipe
The solutions were cooled and 10 mL of concentratedand was swirled onto the tip and attaches it tottie
HCI was added into each flask and refluxed for aldidu  wall near the top of the tube by gently sliding DRA
min to remove the nitrous fumes. The digested sampl off the tip. The supernatant was carefully decanted
solutions were cooled and 20 mL of deionized weaias leaving the DNA pellet near the top of the tubeeTh
added into each flask. The digested solutions weretubes were placed upright for 1 min and the remagini
filtered into 50 mL volumetric flask and the volumas lysate was aspirated from the bottom of the tubé®
made up to the mark with deionized water to deteemi DNA precipitate was washed twice with 0.8-1.0 mL of
soluble iron concentration. 75% ethanol and air dried.

2.2. Bioleaching Studies
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25.185ITS Sequence of rRNA Based septate hyaline hyphae with branched conidiophores,
Molecular Technique phialides and conidia were observed. Phialides form
] brush like clusters at the tip of conidiophores.
The isolated DNA was checked on 0.8% agarose gejgleaching studies of the isolates were carriedim@k
for purity and quality. 18S rRNA gene primers wased  medium (Silverman and Lundgren, 1959) for a pedod
to amplify ~1.1 kb gene from the genomic DNA isetht 28 gays to compare the efficiencies in iron solaailon.
The PCR product obtained was gel purified followsd  |cp.OES analysis of the filtrates from bioleaching
quantification and sequenced by 18S-ITS sequence Ofyperiments revealed that strain NTS-2 solubilized
rRNA based molecular technique. Sequence datamayimum iron from the oreT@ble 1) with a final
obtained was subjected to BLAST with NCBI gene concentration of 71.7 ppm (1534 cts/S and 0.179%)RS
databases based on maximum identity score. followed by 28.7 ppm from strain NTS-1 (613.1 Cts/S
; and 0.236% RSD). The iron solubilization of control
2.6. Phylogenetic Analyses flasks were found as 20.92 ppm. From the restiltsins
Phylogenetic analyses were carried out USINgNTS-2 has shown 40% higher iron solubilizati®iig( 1
Clustal W software 1.8. The Neighbour-Joining (NJ) and 2) than strain NTS-1 and hence used for further
method was used to infer the evolutionary histofy o jgentification studies. Genomic DNA from strain NTS
strain NTS-2 and identified through molecular and 5 \yas isolated and 18S rRNA primers were used for
phylogenetic approaches. The ITS phylogenetic pcr gmplification. 18S-ITS sequence of ~1.1 kb
analyses and the closest relatives obtained fromsubjected to BLAST analysis showed that strain NeTS-
GenBank supported the major lineages in NJ analysisfe” within the radiation of cluster comprising of

identified the genera of strain NTS-2. Penicillium species. The results obtained from
morphology, gene sequence and phylogenetic analysis
3. RESULTSAND DISCUSSION justify a taxonomic position for the strain as anmber of

In order to obtain iron solubilization strain, soil Penicillium verruculosum (Fig. 3) with 100% similarity.

dilution was prepared and then spread on minef& sa There is a growing interest to adopt microbiologica

medium by enrichment technique. Consequently, twoPrOCESS over conventional technol_ogies to recover
fungal strains were obtained and named as strai@-NT valuable metals (Gadd, 2000; Rawlings and Johnson,

and NTS-2 after 15 days of incubation at 32°C. 2007). The ability of microorganisms in mineraldbang
Macroscopic appearance of strain NTS-1 revealetl tha'@s opened a new avenue bioleaching from metal ores
colonies were powdery and green in colour. Micrpsco ~ (Gupta and Sant, 1970). Microbial leaching has e
observation exhibited hyaline septate hyphae withUS€s such as remediation of mining sites and tesattof
vesicle formation. Conidiophores were covering chly ~ Metal containing waste products (Bosecker, 2001).
partial upper surface with flask shaped phialiddsain ~ Microorganisms play a prominent role in the
NTS-2 colonies were seen as velvety, gray greeoucol solubilization of metals and minerals in the ectays

and the reverse was yellowish. Under the microscopeunder — appropriate  environmental  conditions.

2500 4

y=21.112x+40.704

2000 - R2=0.9995

» 1500 A
~ 1000 |
500 -

0 7 : : : .

0 20 40 60 80 100 120
ppm

Fig. 1. Calibration curve for iron
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Fig. 2. Iron solubilization by the isolates
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Fig. 3. Neighbour joining tree, based on 18S rRNA gene aecges showing the phylogenetic positions of

Table 1. ICP-OES analysis of samples gidy,

Sample Cts/S Std Dev %RSD

Std-1 (0 ppm) 61.687 1.140 1.8520
Std-2 (20 ppm) 446.290 2.240 0.5030
Std-3 (40 ppm) 885.820 0.729 0.0824
Std-4 (60 ppm) 1280.700 4.300 0.3359
Std-5 (80 ppm) 1743.000 14.000 0.7853
Std-6 (100 ppm)  2160.400 13.700 0.5874
Strain NTS-1 613.100 1.430 0.2363
Strain NTS-2 1534.000 2.010 0.1161
Control 447.500 0.810 0.1789

Identification of potential microbes is a major tpaf the
developmental process in bioleaching. Two methods a
commonly used for the isolation, characterization a

utilization of  mineral-associated microbes in
biohydrometallurgical processes. The first methothie
% Science Publications 30

direct enrichment culture method where the minéal
added to a defined medium for the purpose of ismlat
and leaching of the mineral (Goebel and Stackediran
1994). The other method involves direct isolatioonf
the surface of the mineral and subsequent utiinatif
the isolates for leaching processes (Delvaatoal.,
2008). This study followed the first method which
allowed the isolation of two fungal isolates namiIyS-

1 and NTS-2. The genus identified in this study lhesn
isolated previously (Sabat and Gupta, 2009; Retah,
1997; Adelekeet al., 2010).

The leaching ability of metal appears to be depende
on the type of strains used. Fungi may interadt wietal-
containing ores depending on their metal tolerazwe
ability to influence the metal mobilization (Fomigegal.,
2005). Fungus has been used for the bioleaching in
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which Penicillium andAspergillus are commonly applied Banfield, J.F. and R.J. Hamers, 1997. Processes at

in metal recovery (Olsost al., 2003). In this study, two minerals and surfaces with relevance to
fungal strains were identified based on coloniatl an microorganisms and prebiotic synthesis. Rev.
microscopic appearance aspergillus and Penicillium. Mineral. Geochem., 35: 81-122.

From the bioleaching studies, potential iron sdisinig Barker W.W.. S.A. Welch and J.F. Banfield. 1997.

Is:)'[ra_in_”_was identilfied agd fggh?'['s confirmed_ as Geomicrobiology of Silicate Mineral Weathering. In:
eniciiiium -verruculosum by sequencing. Geomicrobiology: Interactions between Microbes and
Acidophilic  microorganisms  that  take = part in Minerals, Banfield, J.F. and K.H. Nealson (Eds.)

dissolution of metals are autotrophic with low pH . . . , .
: : : : Mineralogical Society of America, Washington, DC,
I h th d d th lat asts
values hence the medium during the isolation wastse ISBN-10: 0939950456, pp: 391-428.

pH-2.5. Bioleaching processes are mediated by the X _
metabolites produced from microbial metabolic pssce Bennett, P.C., J.R, Rogers, W.J. Choi and F.K. éfieb
(Vasanet al., 2001; Burforcet al., 2003; Burgstaller and 2001. Silicates, silicate weathering and microbial
Schinner, 1993; Ghorbaet al., 2007) which could aid ecology. Geomicrobiol. J., 18: 3-19. DO
the solubilization of complex minerals (Gadd, 1999) 10.1080/01490450151079734

The final pH of the medium after the appropriate Bosecker, K., 1997. Bioleaching: Metal solubilisatiby
incubation period was found as 3.0 which reveals t microorganisms. FEMS Microbiol. Rev., 20: 591-
production of organic acids by the isolate. From an 604. DOI: 10.1111/j.1574-6976.1997.tb00340.x
industrial perspective it is essential that biomini  Bosecker, K., 2001. Microbial leaching in enviromta
microorganisms must able to grow at low pH andréaée clean-up program. Hydrometallurgy, 59: 245-248.
high concentrations of acid for better solubiliaatiof DOI: 10.1016/S0304-386X(00)00163-8

minerals and metals. In this stud,verruculosum (strain Brandl. H. and M.A. Faramarzi. 2006. Microbe-metal-
NTS-2) was able to tolerate low pH values and eietb interactions for the biotechnological treatment of

higher solubilization rates from the iron ore. metal-containing solid waste. China Particul., 3+99.

DOI: 10.1016/S1672-2515(07)60244-9
4. CONCLUSION Burford, E.P., M. Fomina and G.M. Gadd, 2003. Flinga
This study involves the isolation and characteitzat involvement in bioweathering and biotransformation
of iron solubilising fungi from mine soil sample by of rocks and minerals. Mineral. Magazine, 67: 1127-

enrichment culture technique. 18S-ITS sequencing ~ 1155. DOI: 10.1180/0026461036760154 _
studies followed by phylogenetic analysis justified Burgstaller, W. and F. Schinner, 1993. Leaching of
taxonomic position for the strain as a member of metals with fungi. J. Biotechnol., 27: 91-116.

Penicillium verruculosum which exhibited 40% more DOI: 10.1016/0168-1656(93)90101-R

iron solubilization among the isolates. Isolatioh o Delvasto, P., A. Valverde, A. Ballester, J.A. Mureord
microorganisms from mine areas is suitable approach F. Gonzalezet al., 2008. Diversity and activity of
|dent|fy microbes that can solubilize metal ions fo phosphate bi0|eaching bacteria from a h|gh-
bioleaching process. This study is limited to the phosphorus iron ore. Hydrometallurgy, 92: 124-129.
identification of iron solubilising fungi from lovgrade DOI: 10.1016/j.hydromet.2008.02.007

ores and further work is needed to evaluate the 06l o iy M A 1.3, Alexander, J.V. Colpaert and G.M
fungal secondary metabolites involved in the leaghi
process. The scope of this study extends by using
Penicillium verruculosum in solubilising iron from low
grade ores as an efficient, economical and ecadhe
alternative to conventional operations.
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