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Abstract 

Thiobacrll~rs ferrooxidans TfKl, tsolaled from acld mine water of Koliw Gold Mmes, was gown in the presence o f  
sodium tnolybdate (2 6 mM Mo"). I t s  ~cmtiince to molybdenum (Mow) is li~gher cornpiwed lo all other Thmbociilus 
strams rcpo~ied so far. TIziobacillusferrr,o~~dnn~ TtChl, for exampla, ~esi?ted only 2 0 mM Mo" Mo adapted cells 
and unexposed cells did not show difference 1" resistance to other metals (153 mM Zn2+, 170 mM Ni"). Copper sul- 
phate (157 mM Cu2') was slightly inhibitory. Mo-adapted TfKl oxldlsed Iron (11) m 0.9-K medlum in the presence of 
0.1% and 1% of lnolybdenitc conwVrale from Jduguda m m s .  

Kejwords: Thiobocillus ferrooxidans, adaplation, malybdenum resistance, meld resistmcc, iron oxidation, b~oleach- 
in.. 

1. Introduction 

Thiobacillus ferrooxidans, a Gram-negative mesophilic chemolithotrophic bacterium, oxidises 
iron(11) and various reduced forms of sulphur as a source of energy. Thiobacilli have been em- 
ployed for bioleaching of a variety of ores like iron chalcopyritez, arsenopyrite3, etc. 
However, they could not be used for molyhdenite leaching.' T. ,ferrooxidans is highly resistant 
to some heavy metal cations while relatively sensitive to some other metals. The most toxic 
mctal was molybdenum (supplied as molybdate anion) which completcly inhibited iron oxida- 
Lion of coucentrations above 0.0521-mM ~ o ~ " ~ . ~ ) .  Varying reasons have been given to explain 
the resistance of ~hiobactllusj.~ to molyhdenum. Molybdenum i s  a strategic metal for a devel- 
oping couutry like India and is imporred in large quantities for application in steel, electro- 
chemical and other industries. Hence it is important to evaluate whethel- molybdenutn can also 
be obtained by bioleaching apart from chemical means.4 

The objective of the present study is to compare and improve Lhe resistance of Lwo different 
strains of Thiobacillus towards molybdenum and to test tbe gl-owth in low iron medium with 
added molybdenite concentrate. 

2. Materials and methods 

2.1. Organisms 

Thiobacillus ferrooxidans strain TfKl was isolated from acid mine water of Kolar Gold Mines 
by enrichinent in 9 K medium.7 Strain TfChl isolated from Chitradurga Mine water was a 
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kind gift from Prof. K. A. Natarajan, Indian Institute of Science, Bangalore. The cultures were 
maintained by repeated transfers in fresh 9 K medium every fortnight. 

2.2. Adaptation to molybdenum 

Erlenmeyer flasks containing 90 ml of 9 K medium and varying concentrations of sodium mo- 
lybdate (1.00, 2.00 and 3.00 mM of Mo6*) were inoculated with 10 ml of 36-h-grown culture 
of Thiobacillus ferrooxidans. The growth and resistance to Mo was monitored by determining 
the iron oxidation at 12-h intervals. Residual iron was estimated tittimetrically using 0.1N 
K&07 and diphenylamine as indicator? When the organism showed a rate of iron oxidation 
equivalent to that of unexposed cells, serial transfers were made to the next higher concentra- 
tion. The sequence of transfers is shown in Figs 1 and 2. 

2.3. Resistance to other metals 

100 ml of 9 K medium containing 153 mM zn2', 170 mM ~ i " ,  and 157 mM CuZt as 
ZnSO4.7H20, NiS04.6H20, CuS04.5H20, respectively, was inoculated with unexposed and 
2.0 mM Mo-adapted cells of M(1. Growth was monitored by measuring iron oxidation. 

2.4. Growth in the presence of molybdenite concentrate 

The molybdenite concentrate was procured from the Uranium Corporation India Limited 
(UCL), Jaduguda, Bihar. The percentage of molybdenum, copper, nickel and iron in the con- 
centrate was determined by ICP-AES (ARL 3410, Brnker). The concentrate was subjected to 
X-ray diffraction (Seifert) to know the form of molybdenum present. The average particle size 
was determined by laser diffraction particle size analyser (Malvern Instruments Master Particle 
Size analyser M5.4) 

For growth studies, 0.1% and 1% (wlv) of the concentrate were added to 90 ml of 0.9 K 
medium and inoculated with 10 ml of 60-h-grown cells of 2.6 mM Mo-adapted cells of TfK1. 
Iron oxidation was followed once evely two days. 

3. Results and discussion 

3.1. Adaptation to molybdenum 

TfKl was grown on different levels of molybdenum (Figs 1 and 3). In the absence of MO~', 
TfKl oxidised iron totally in 36 h. With increasing concentration of MO& (Figs 1 and 3a), 
there was increase in lag period and fmally no growth at 3.0 mM M O ~ .  Though repeated 
transfers of TfKl on 1.0 mM (Fig. 1) reduced the total iron oxidation time, lag phase did 
not decrease from 25 to 5 h as in unexposed (Fig. 3). After four tranfers on 2.0 rnM, the 
lag period reduced significantly to nearly 12-17 h (Figs 1 and 3). On three transfers on 2.6 mM 
MO~', the lag phase reduced to 12 h, while the total oxidation time reduced to 62 h resembling 
2.0 m M  adapted cells (Figs 1 and 3). It failed to grow on 3.0 mM Mo6+ even on repeated trans- 
fers. This clearly indicates that 2.6 mM MO& is the upper limit of molybdenum resistance for 
this strain. 
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FIG. 1. F lo rchm for adaptation of Thiobocillus ferroox~dans TfKl to sod~um rnolybdate (MO") 
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FIG. 2. Fluwchari lor adaptation nf Thaobacrliur fer,oo.rzdans TfChl tu sodlum rnolybdate (Mo") 

In contrast, the strain TfChl showed a slower growth pattern on 9 K medium without MO'" 
(Figs 2 and 4). The lag period on 1.0 or 2.0 mM did not reduce to level of unadapted cells even 
after rcpeated iransfcr. Moreover, its total iron oxidation time remained over 100 11 co~npared 
to unexposed showing only 60 h. The strain failed to grow on 2.6 mM MO'" concentraGon. 

Resistance to metal cations is based on their ability to exclude these from their internal 
structures. On this basis. two hypotheses have been proposed to explain the prolonged lag 
phase of iron oxidation caused by heavy metal cations? 
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Flo. 3 Growth pmcm oi Throbiicii1ir.r jerrooxtdnns 
(TfKI) m the prcscnce o i  varying concentrations of 
sodium molybdate (Mob*) I" 9 K medium. 0. No mo- 
lybdenum (contlol), o: 1 00 rnM Mo"', A 2 00mM 
Moo*, *: 2 6 mM Mo"', V: 3.0 mM MO". 

Hour* 

FIG 4 Growth paltern of TfChl m ihe presencc of vary- 
~ n g  concentration< ot sodzum molybdate (Mo") in 9 K  
medium 0. Na rnoigbdenurn (control), o 1.00 mM 
Moh'. & 2 00 mM Mob* 

First, a long lag period may be needed during which the membrane-associated enzyme pro- 
tection system develops, which enables the cells to oxidise ferrous iron for their energy. The 
second hypothesis favours selection of metal-resistant cells. Heavy metal resistance could be 
achieved therefore by adding a larger inoculum? 

For molybdenum resistance, a very early papcr of Karavaiko et d6 favoured selection the- 
ory by showing the effect of inoculum in overcoming metal toxicity, possibly by the excretion 
of exo-metabolites which predominantly contain amino acids. Dicarboxylic amino acids and 
amino acids containing additional hydroxyl groups chelate the metal ion, thereby reducing 
the metal toxicity. Yong et al.' by extenswe biochemical studies proved that mcmbrane- 
hound cytochrome C oxidase was involved in Mo resistance in the soil isolate Thiobacillus 
Funis 2-1 

Yong et al.' screened nearly 75 strains of Thiobocillus and found one strain resistant to 
Mob' at a maximum level of 1.25 mM. The preseut observation that TfKl resisted M O ~ '  up to 
2.6 mM indicates the unique feature of this strain and is the first report on such a high level of 
molybdenum resistance. This strain therefore is promising for more intense studies on the hio- 
chemical mechanism of molybdenum resistance.TfCh1 will sewe as a good strain f o ~  compara- 
tive studies on these aspects in view of its lower resistance to ~ o ~ '  up to 2.0 mM. 

As Mo-resistance level of Ti'Kl appeared to be promising for molybdenite leaching, we 
undertook further investigation on its ability to resist multi-rneta~s~~likely to be present in the 
concentrate. 
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Fro 5 Growth pattern of 2.0-DM Mo-adapted cells of FIG. 6. kon oxidation of 2.6 mM 'Ma-adapted cells 
TfKl m the presence of nxkel, zinc, copper in 9 K me- of TfKl in the presence of molybdenite concentrate 
dium. +: 170mM Ni2', x: 153 mM Zn-+, *: 157 m M  in 0.9 K medlum. 0: 0.1% concentrate, 0. 1.0% concen- 
Cuh trate. 

Molybdenite concentrate was found to have a composition of 38% Mo, 0.79% copper, 
0.76% nickel and 10% iron. This analysis is more or less in agreement with the stated composi- 
tion of the concentrate as given by UCIL. The concentrate was fine black in colour with the 
presence of a number of shiny crystals. X-ray diffraction studies showed the existence of mo- 
lybdenum as MoS2. The average particle size of the concentrate was 44 pm by laser particle 
diffraction analyser studies. 

Based on the compositional analysis of the concentrate, 10% levels of 153 mM znZC, 
170 mM Ni2+, and 157 mM cuZi were added to 9 K medium. Both unexposed and Mo-adapted 
cells (2.0 mM) of TfKl oxidised iron similarly in the presence of nickel and zinc (Fig. 5), 
while copper was slightly inhibitory. 

Initial studies were done on the rate of iron oxidation in the presence of 0.1 and 1.0% (wlv) 
levels of molybdenite concentrate in 0.9 K medium with 2.6 mM Mo-adapted cells of TfK1. 
These cells could oxidise iron completely although the total oxidation time taken was 80-90 h 
(Fig. 6). In contrast, rhe total iron oxidation in 9 K medium with unexposed cells takes place 
within 36 h (Fig. 3a). More investigations are underway to determine the status of Mo in solu- 
tion, and on the uptake of molybdenum by the cells. 

4. Conclusion 

TfKl showed resistance to 2.6 mM M O ~  as sodium molybdate which is higher than any earlier 
reports with soluble molybdenum salt. TfChl could resist up to 2.0 mM Mo6*, but showed 
slow iron oxidation rate compared to TfK1. M ( 1  exhibited multi-metal resistance to 153 mM 
zn2+, 170 mM ~ i " ,  and 157 mM Cu2'. 

These metal concentrations are higher than that of Jadugnda molybdenite concentrate 
which has 38% molybdenum, 0.79% copper, 0.76% nickel and 10% iron. Mo-adapted TflCl 
could oxidise iron completely when grown in the presence of 0.1 and 1.0% of molybdenite 
concentrate in a 0.9 K medium. 
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