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The annual production of chemical toxins and organic pollutants has reached an alarming level.
Their eradication from the environment is immensely needed, and bioremediation provides a
better alternative for this task. In this study, the ability of molybdenum-reducing bacterium
isolated from polluted soil to grow and reduce molybdenum on a variety of hydrocarbons and
detergents was investigated. The bacterium was found to reduce molybdate to molybdenum blue
at an optimum temperature between 25 and 34 °C, pH between 5.8 and 6.3, molybdate
concentration between 30 and 50 mM and phosphate concentration between 5.0 and 7.5 mM.
The best electron donor hat support molybdate reduction was glucose, followed by sucrose,
fructose, maltose, lactose, l-arabinose, d-mannose, mannitol and cellobiose in decreasing order.
The absorption spectrum of the resultant Mo-blue was analogous to that of previous Mo-
reducing bacterium and bear resemblance with reduced phosphomolybdate. At 2 ppm mercury
(ii), copper (ii) and silver (i) molybdenum reduction was inhibited by 82.4, 61.9 and 47.50%,
respectively. Based on the biochemical examination, the bacterium was tentatively identified as
Bacillus amyloliquefaciens strain KIK-12. The ability of this bacterium to degrade detergent and
detoxify molybdenum makes it a vital tool for bioremediation.

INTRODUCTION

around the globe like in the Tyrol in Austria, Tokyo Bay and the
Black Sea, where molybdenum level reaches hundreds of ppm

Nalybdenum
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Human activities have led to an annual increase in the
release of harmful toxins and environmental pollutants, which
greatly influence the global burden of diseases. Thus, the
removal of this toxic substances through bioremediation is
considered as a more cost-effective technique than other
physicochemical techniques especially at lower concentrations
of the toxicant. Molybdenum is among the essential heavy
metals required in trace amount and is said to be toxic to some
organisms at higher concentrations [1]. Industrially, it is used as
an alloying agent, lubricant (as MoS:z), automobile engine anti-
freeze and anticorrosion component in steel. These wide
industrial application has resulted in some water pollution cases

[2,3], in addition terrestrial pollution in sewage sludge [4].
Molybdenum toxic to ruminant at a very low concentration
[5,6], inhibit spermatogenesis and arrest embryogenesis in some
organisms such as mice and catfish at levels as low as several
ppm [7-10].

In addition to heavy metals, detergents represent another
form of pollutant being present as co-contaminants in our water
bodies. As anionic surfactants, the effect of detergents to
aquatic life is detrimental [11] since they exhibited toxicity at
lower concentrations ranging from 0.0025 to 300 mg/L [12].
The toxic effect of detergents toward crustaceans and
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invertebrates has been documented as a result of the continuous
release of anionic surfactants into the water bodies. For
instance, a study indicated the detrimental effect of SDS on the
digestive gland of oyster such as perturbation of the metabolic
and nutritional functions [13]. Detergents could also modify the
behaviour of the fish such as erratic movement, body torsion
and muscle spasms [14].
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O

Fig. 1. The structure of SDS.

Capaldi, and Proskauer were the first to describe the
microbial reduction of molybdenum to molybdenum blue more
than one century ago in 1896 [15]. This is followed by the
works of Jan in 1939 [16], Marchal and Gerard in 1948 [17],
Woolfolk and Whiteley in 1962 [18], Bautista and Alexander in
1972 [19], Campbell et al. in 1985 [20], Sugio et al. 1988
(Sugio et al. 1988) and Ghani et al. in 1993 [21] respectively.
The work of Campbell et al. on Escherichia coli K12 was the
first comprehensive studies on bacterial molybdate reduction to
Mo-blue. Ghani et al. [21] later identified the potential
application of these findings to molybdenum bioremediation.

Recently, more works are being carried out on multi-
toxicant remediator microbe, due to the fact that many polluted
areas contain numerous toxicants. Reports on heavy metals
reduction coupled with xenobiotic degradation are numerous in
the literature [22,23]. In a previous study, a molybdenum-
reducing bacterium was found to be able to thrive on sodium
dodecyl sulfate (SDS) as the only carbon source, even though,
SDS does not favor molybdenum reduction [24]. Therefore,
finding molybdenum-reducing bacterium capable of xenobiotic
degradation is beneficial to bioremediation.

In this study, the potential of the isolated molybdenum-
reducing bacterium from contaminated soil to thrive on various
hydrocarbons and detergents was investigated, and report on a
novel molybdenum-reducing bacterium with the capacity to
grow on detergent, SDS. The characteristics of this bacterium
make it suitable for future bioremediation works comprising
both molybdenum and SDS as an organic pollutant.

MATERIALS AND METHODS

Isolation of a molybdenum-reducing bacterium

In 2014, soil samples were obtained from contaminated land in
Kano State, Nigeria. Into a sterile water, one gram of the soil
sample was suspended and 0.1 mL aliquot of the suspension
was spread onto low phosphate media (LPM) agar compose of
Na2HPO4 (0.071% or 5 mM), NaxMoO4.2H20 (0.242 % or 10
mM), NaCl (0.5%), (NH4)2.5S04 (0.3%), MgSO4.7TH20 (0.05%),
yeast extract (0.5%) and glucose (1%) at pH 7.0 and incubated
for 48 hours at room temperature [25].

The formation of blue colonies following incubation
signify molybdate reduction. The colony forming the strongest
blue color intensity on the LPM agar plate was isolated and
restreaked to attain pure culture.

Characterization of molybdenum reduction in liquid media was
performed in a shake flask (250 mL) containing 100 mL of
LPM media on an orbital shaker (120 rpm) at room temperature
for 48 hours. The Mo-blue absorption spectrum was studied by
centrifuging 1.0 mL aliquot from the liquid culture at 10,000 x
g for 10 minutes at room temperature, after which the
supernatant was a scan from 400 to 900 nm using Shimadzu
UV-spectrophotometer. A fresh low phosphate media was used
as the baseline correction.

Morphological and biochemical characterization of a Mo-
reducing bacterium

The bacterium was morphologically and biochemically
characterized on the basis of Bergey’s manual of determinative
bacteriology [26], which include colony shape, size and color
on nutrient agar plate, gram staining, motility, oxidase and
catalase (24 h), ONPG (beta-galactosidase), ornithine
decarboxylase (ODC), arginine dihydrolase (ADH), lysine
decarboxylase (LDC), nitrates reduction, Methyl red, indole
production, Voges-Proskauer (VP), size and colour on nutrient
agar plate, hydrogen sulfide (H2S), acetate utilization, malonate
utilization, citrate utilization (Simmons), esculin hydrolysis,
urea hydrolysis, gelatin hydrolysis, phenylalanine deaminase,
deoxyribonuclease, lipase (corn oil), acids production from
various sugars and gas production from glucose. The result was
interpreted via the ABIS online system [27].

Preparation of resting cells for molybdenum reduction
characterization

The characterization work such as the effect of temperature,
pH, molybdate and phosphate concentrations on molybdenum
reduction were statically performed using resting cells in a
microtitre plate format as developed previously [28]. Bacterial
cells grown overnight in 1 L in high phosphate media (HPM)
containing 100 mM on orbital shaker (150 rpm) were harvested
by centrifuging at 15,000 x g for 10 minutes, and the pellet was
rinsed twice to remove residual phosphate, and then
resuspended in 20 mL of LPM not containing glucose to an
absorbance reading of 1.00 at 600 nm. An optimal phosphate
concentration of 5 mM was uniform to most Mo-reducing
bacteria isolated so far.

Thus same concentration was utilized in this work since
higher concentration was strongly inhibitory to Mo-blue
production [20,21,25,29-41]. Into each well of a sterile
microtiter plate, 180 uL was sterically transferred, and 20 uL of
glucose (sterile) from a stock solution was added to initiate Mo-
blue production. A sterile sealing tape that permits gas
exchange (Corning® microplate) was used to seal the plate and
incubated at room temperature. Absorbance was measured at
time intervals using BioRad microtiter plate reader (Model No.
680) at 750 nm. A specific extinction coefficient of 11.69 mM."
Lem™ at 750 nm was used to monitor the Mo-blue production
[42].

Effect of heavy metals on molybdenum reduction

Heavy metals namely silver (i), mercury (ii), lead (ii), copper
(ii), chromium (vi) cadmium (ii) and arsenic (v) were prepared
from Atomic Absorption Spectrometry standard solutions
(MERCK) or their commercial salts. The bacterium was
incubated with heavy metals in the microplate format at various
concentrations. The amount of Mo-blue produced was measured
at 750 nm.
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Screening of molybdenum reduction using detergents and
hydrocarbon as a source of electron donors and for growth
The potential use of hydrocarbons and detergents such as
sodium dodecyl benzene sulfonate (SDBS) and sodium dodecyl
sulfate (SDS) as carbon source for bacterial growth and as
electron donor source to support molybdate reduction was
determine by replacing glucose in the LPM with these
xenobiotics in a microtiter plate at the final concentration of 200
mg/L for the detergents.

Diesel was first added to 10 mL of the media and sonicated
for 5 minutes. The composition of the growth media (LPM)
were as follows: (NH4)2.S04 (0.3%), MgS04.7H20 (0.05%),
Na2HPO4 (0.705% or 50 mM), NaNOs (0.2%), NaCl (0.5%),
yeast extract (0.01%) and 1 mL solution of trace elements
containing CaCl> (40 mg/L), FeSO4+7H2O (40 mg/L),
MnSO4+4HO (40 mg/L), ZnSOs7H0 (20 mg/L),
CuSO04-5H20 (5 mg/L), CoCl2-6H20 (5 mg/L), NaxMoO4-2H20
(5 mg/L).

The pH of the media was adjusted to 7.0, then 200 uL of
the media was transferred into each well of the microtiter plate
and incubated at room temperature for 72 hours. The increase in
bacterial growth and the amount of Mo-blue produced after 72
hours of incubation were measured at 600 and 750 nm,
respectively using microplate reader (Bio-Rad 680).

Statistical analysis

Data analyses were conducted using InStat GraphPad version
3.05 available on www.graphpad.com. One-way analysis of
variance with Tukey’s post hoc analysis was employed to
compare between groups. Results are expressed as mean + SD
with p<0.05 considered statistically significant.

RESULTS AND DISCUSSION

The phenomenon of microbial molybdate reduction to Mo-blue
was first reported in 1896 by Capaldi and Proskauer in E. coli
[15]. Although, further reports on the phenomenon are sparse,
however, the work [20] on Escherichia coli K12 came as the
earliest comprehensive report describing the phenomenon of
molybdate reduction to Mo-blue in bacteria. Much later, [21]
recognize the potential application of this microbiological
phenomenon to bioremediation of molybdenum.

All of the earlier works deal with molybdenum reduction
and not in association with degradation of other toxicants. Thus,
the isolation of more new molybdenum-reducers with the
potential to degrade other toxicants is advantageous to
bioremediation.

Identification of molybdenum-reducing bacterium

The morphological characteristic shows that the bacterium is a
Gram-positive, rod-shaped, while comparing the result of the
biochemical tests with Bergey’s manual of determinative
bacteriology [26] using the ABIS online software [27] gave
three suggestions to the bacterial identity, in which the highest
homology of 86% and accuracy of 88% was related to Bacillus
amyloliquefaciens. Although, more molecular studies like 16S
rRNA may be required in the future to further identify this
species. However, at this point, the bacterium was tentatively
identified as Bacillus amyloliquefaciens strain KIK-12.

Table 1. Biochemical tests for Bacillus amyloliquefaciens strain KIK-

12.
Acid
Gram positive production
staining +  from:
Motility
Growth on usual N-Acetyl-D-
media * +  Glucosamine d
Hemolysis - L-Arabinose +
Growth at 45 °C + Cellobiose +
Growth at 65 °C - Fructose +
Growth at pH 5.7 - D-Glucose +
Growth on 7%
NaCl media - Glycerol +
Anaerobic growth - Glycogen +
meso-
Casein hydrolysis +  Inositol +
Esculin hydrolysis + Lactose d
Gelatin hydrolysis + Mannitol +
Starch hydrolysis + D-Mannose +
Tyrosine
degradation + Maltose +
Beta-galactosidase
(ONPG) - Melezitose -
Catalase - Melibiose -
Oxidase - Raffinose +
Urease - Rhamnose -
Arginine
dehydrolase (ADH) - Ribose +
Lysine
decarboxylase
(LDC) - Salicin +
Ornithine
decarboxylase
(ODC) - Sorbitol +
Sucrose
Indole production - (Saccharose) +
Citrate utilization + Starch +
Egg-yolk reaction - Trehalose d
Nitrates reduction + D-Xylose +
Voges-Proskauer
test (VP) +

Note: + positive result,,— negative result, d indeterminate result

Previously, two other molybdenum-reducers from this
genus, Bacillus sp. strain A.rzi [40] and Bacillus pumilus strain
Ibna [37] have been isolated and characterized. The
characterization work of this bacterium involves the use of a
rapid, simple and throughput method of microplate format to
speed up work and obtain more data than the usual shake-flask
approach [28,43]. Similarly, some bacteria from this genus have
been reported to degrade and utilize detergent including SDS
[44—48] as a carbon source for growth. The use of resting cells
under the static condition to characterize bacterial molybdate
reduction was begun by [21]. Resting cells were also used to
study heavy metals reduction such as selenate [49] and
detergent like SDS [50].

Molybdenum-blue absorption spectrum

Periodic scanning of Mo-blue absorption spectrum from this
bacterium reveals similarity to that of previous isolates, with a
maximum peak between 860 and 870 nm, and a shoulder close
to 700 nm. The intensity of the Mo-blue increases from 8 to 48
hours with the preservation of the characteristics fingerprint
profile (Fig. 2).
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It has been suggested earlier by [20] that the Mo-blue observed
during molybdate reduction in E. coli K12 is a reduced form of
phosphomolybdate due to its similarity with the Mo-blue
formed in the phosphate determination method. In the
phosphate determination method, Mo-blue absorption spectrum
showed a maximum peak around 880 to 890 nm and a shoulder
near 700 to 720 nm [34]. Although, the selected wavelength in
this work (750 nm) has approximately 30% lower intensity than
at 865 nm, but is enough for routine monitoring of the Mo-blue
production since it is high enough not to be masked by cellular
absorption between 600-620 nm similar to previous results [28].

It was generally observed that the entire Mo-blue spectra
from other bacteria show the same characteristics, which imply
the involvement of probably same Mo-blue species [29].
Perhaps, the exact identification of the phosphomolybdate
species require the use of NMR and ESR [51], however,
scanning the spectroscopic profile is enough and acceptable
means of characterizing the heteropolymolybdate species [52].
Previous monitoring of Mo-blue production uses 820 nm [20]
and 710 nm [21], both of which were claimed to have low
interference by bacterial cellular absorption. Mo-blue has a
complex structure with mixed valency in the oxidation state
(between 5+ and 6+) of many species [29,51], making it precise
identification of the species difficult.

2.0 1
48h
1.5 1
[72]
2 1.0
< 24 h
16 h
0.5
8h
B S
0.0

600 650 700 750 800 850 900 950

Wavelength (nm)

Fig. 2 Periodic scanning of Mo-blue absorption spectrum from Bacillus
amyloliquefaciens strain KIK-12.

Effect of pH and temperature on molybdenum reduction
Analysis of variance shows that the optimum pH supporting
molybdenum reduction in this bacterium was between 6.0 and
6.5, after incubation of Bacillus amyloliquefaciens strain KIK-
12 in 20 mM Bis-Tris and Tris.Cl buffers, pH ranging from 5.5
to 8.0. Mo-blue production was dramatically inhibited at pH
lower than 5 (Fig. 3).

Similarly, studying the effect of temperature over a wide
range (20 to 60 °C) reveals no significant difference (p>0.05)
among the values, with optimum temperature occurring
between 30 °C to 37°C (Fig. 4). However, a temperature lower
than 30 °C and higher than 37 °C strongly lower Mo-blue
production by Bacillus amyloliquefaciens strain KIK-12.

2.5 1

Abs 750 nm

0-0 L} ) ) ) 1
5.5 6.0 6.5 7.0 7.5 8.0

pH

Fig. 3. Effect of pH on molybdenum-blue production by Bacillus
amyloliquefaciens strain KIK-12, after 48 hours incubation of resting
cells in a microtiter plate under optimized conditions. The error bars
represent the mean + SD of triplicate.
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Fig. 4. Effect of temperature on molybdenum-blue production by
Bacillus amyloliquefaciens strain KIK-12, after 48 hours incubation of
resting cells in a microtiter plate under optimized conditions. The error
bars represent the mean + SD of triplicate.

The pH and temperature play an important role in enzyme-
catalyzed molybdate reduction, as both parameters affect
enzymatic activity by altering with the ionic character of the
amino acids constituent and hence the tertiary and quaternary
protein structure and folding. The optimum conditions obtained
in this work would be of advantage to molybdenum
bioremediation in a tropical country like Nigeria, having an
annual average temperature ranging from 25 to 30 °C. The
greatest majority of Mo-reducers show an optimal temperature
of between 25 and 37 °C [25,30,31,33-37,39-41,53] since they
are isolated from tropical soils, with the only exception being
the psychrotolerant reducer isolated from Antarctic region
showing an optimal temperature between 15 and 20 °C to
support Mo-blue production [38].

Bacillus  amyloliquefaciens  strain  KIK-12  shows
characteristics of a neutrophile in supporting molybdenum
reduction. A typical neutrophile grows best at pH between 5.5
and 8.0. A general observation regarding bacterial molybdenum
reduction is that the optimal pH for the reduction process is
slightly acidic, optimally ranging from pH 5.0 to 7.0 [20,21,30—
41,53]. It has been earlier suggested that acidic pH is necessary
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for the formation and stability of phosphomolybdate
intermediate before being reduced to Mo-blue. Thus, optimal
reduction requires balancing between substrate stability and
enzyme activity [29].

Effect of electron donor on molybdate reduction

Previous studies have demonstrated that some Mo-reducing
bacteria like Escherichia coli K12 [20], Serratia sp. strain
Dr.Y5 [31], Enterobacter sp. strain Dr.Y13 [32], Pseudomonas
sp. strain DRY2 [34], Acinetobacter calcoaceticus strain
Dr.Y12 [35], Pseudomonas sp. strain DRY1 [38], Bacillus
pumilus strain lbna [37] and Bacillus sp. strain A.rzi [40] prefer
glucose as most suitable carbon source, whereas, Enterobacter
cloacae strain 48 [21], Serratia marcescens strain DRY6 [30],
Serratia sp. strain Dr.Y5 [31] and S. marcescens strain Dr.Y9
[25] showed sucrose as the best carbon source, and Klebsiella
oxytoca strain hkeem prefers fructose [36].

In the present study, glucose was the best electron donor
source supporting molybdate reduction followed by sucrose, d-
mannose, maltose, d-sorbitol, trehalose, d-mannitol, glycerol,
salicin and myo-inositol (Fig. 5). Microorganism metabolize
carbon sources in the media to produce electron donating
substrates, NADH and NADPH, which are responsible for
donating electron during molybdenum reduction [53,54].
Glucose and sucrose easily metabolized to generate these
reducing equivalents (NADH and NADPH) in chromate
reduction by chromate reductase in some bacteria [S5-57].

2.0
=
==
1.5 1 =
&
1.0 1
0.5
00 ﬂ ﬂﬂﬁ H ﬁﬂnﬂﬂnﬁ I
I R T SR o R R S I T A R R N R B N
FFEFFESF S EFE T F S e
T FNECF LS PP S FP e ¢ P
\;\?500?'((0' C’!@@@%c \/QQ,@ RPN <

Fig. 5. Growth of Bacillus amyloliquefaciens strain KIK-12 in 10 mM
low phosphate media containing 1% (w/v) of various electron donor
sources. The resting cells were incubated in a microtiter plate for 48
hours under optimized condition. The error bars represent the mean +
SD of triplicate.

Effect of molybdate and phosphate concentrations on
molybdenum-blue production

The optimum phosphate concentration supporting Mo-reduction
in this bacterium occurred between 5.0 and 7.5 mM, with higher
concentrations being inhibitory to Mo-blue production (Fig. 6).
The strong buffering power of the phosphate buffer occurring at
high phosphate concentration is suggested to inhibit the stability
of phosphomolybdate complex which requires an acidic
condition for its formation [58-60].

All molybdenum-reducing bacterium isolated so far
require phosphate concentration not higher than 5 mM for
optimal reduction [20,21,30-41,53]. Determining the optimal
phosphate and molybdate concentrations supporting Mo-blue

production is important since both anions have been shown to
inhibit the reduction process in bacteria [25,30,32-36,38,40,53].

The current study revealed that the newly isolated
bacterium was able to tolerate and reduce as high as 60 mM
molybdate to Mo-blue, although optimal reduction occurred
between 30 and 50 mM (Fig. 7). The reduction of this high
concentration of molybdate to an insoluble form would enable
the strain to detoxify high molybdenum pollution. Pseudomonas
sp strain Dr.Y2 was reported to reduce the lowest optimal
concentration of molybdenum at 15 mM [34]. However, E. coli
K12 [20] and Klebsiella oxytoca strain hkeem [36] were
reported to optimally reduce the highest molybdenum at 80
mM.

Other Mo-reducers such as EC48 [21], Serratia
marcescens strain Dr.Y6 [30], Serratia marcescens. Dr.Y9 [25],
Pseudomonas sp. strain Dr.Y2 [34], Serratia sp. strain Dr.Y5
[31], Enterobacter sp. strain Dr.Y13 [32] and Acinetobacter
calcoaceticus [35] produce optimal Mo-blue at optimal
molybdate concentrations of 50, 25, 55, 30, 30, 50 and 20 mM,
respectively. To date, the highest concentration of molybdenum
reported as a pollutant in the environment is around 2000 ppm
or about 20 mM [61].

2.5 -
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£

=

S 1.5 1
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[7]

Qo

< 1.0 -
0.5

0.0

0 10 20 30 40 50
Phosphate (mM)

Fig. 6. Effect of phosphate concentrations on molybdenum-blue
production by Bacillus amyloliquefaciens strain KIK-12, after 48 hours
incubation of resting cells in a microtiter plate under optimized
conditions. The error bars represent the mean + SD of triplicate.
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Abs 750 nm
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Fig. 7. Effect of molybdate concentrations on molybdenum-blue
production by Bacillus amyloliquefaciens strain KIK-12, after 48 hours
incubation of resting cells in a microtiter plate under optimized
conditions. The error bars represent the mean + SD of triplicate.
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Effect of heavy metals

Molybdenum reduction in strain KIK-12 was found to be
inhibited at 2 ppm mercury (ii), copper (ii) and silver (i) by
82.4, 61.9 and 47.50%, respectively (Fig. 8). The inhibitory
effect by other interacting metal ions, present a major challenge
to the success of bioremediation. Therefore, it is of importance
to screen and isolate more bacteria with as many metal
tolerances as possible. Heavy metals such as cadmium, copper,
mercury and silver usually target the sulfhydryl group of
proteins [62]. Mercury is a physiological inhibitor to molybdate
reduction [63], while chromate is known to inhibit certain
enzymes like glucose oxidase [64] and enzymes of nitrogen
metabolism in plants [65].

The binding of heavy metals inactivated metal-reducing
capacity of the enzyme(s) responsible for the reduction process.
A summary of the type of heavy metals that inhibited Mo-
reducing bacteria showed that almost all of the reducers are
inhibited by toxic heavy metals (Table 2).

Table 2. Heavy metals inhibition of Mo-reducing bacteria.

Bacteria Heavy Metals that inhibit Author
reduction

Bacillus pumilus  As**, Pb**, Zn*, Cd*, Cr*, [37]

strain Ibna Hg*, Cu**

Bacillus sp. strain  Cd*, Cr®, Cu®',Ag®, Pb*, [40]

A.rzi Hg** Co*,Zn**

Serratia sp. strain  Cr, Cu, Ag, Hg [33]

Dr.Y8

S. marcescens strain  Cr®, Cu*", Ag*, Hg** [25]

Dr.Y9

Serratia sp. strain  n.a. [31]

Dr.Y5

Pseudomonas ~ sp.  Cr®, Cu®*, Pb**, Hg** [34]

strain DRY2

Pseudomonas ~ sp. Cd*, Cr®, Cu®,Ag*, Pb>, [38]

strain DRY1 Hg*

Enterobacter sp.  Cr®, Cd*, Cu*, Ag*, Hg* [32]

strain Dr.Y13

Acinetobacter Cd*, Cr*, Cu*, Pb*, Hg** [35]

calcoaceticus  strain

Dr.Y12

Serratia marcescens ~ Cr®, Cu®*, Hg*"* [30]
strain DRY6

Enterobacter Cr%, Cu?* [21]
cloacae strain 48

Escherichia coli  Cr% [20]
Klebsiella  oxytoca Cu®*, Ag', Hg** [36]

strain hkeem

Hydrocarbon and detergents as a carbon source for growth
and electron donor sources for molybdenum reduction

Screening of hydrocarbons and detergents as electron donor
sources supporting Mo-blue production failed to give a positive
result, even though, the bacterium was able to grow well on the
detergent SDS (Fig. 9). SDS-degrading bacteria are more ideal
for SDS remediation due to their economic benefits over the
physicochemical methods. Microbes are known for their ability
to degrade organic compounds, thus use as bioremediation
agents for economical removal of xenobiotic pollutants [66].
Biodegradation of anionic surfactant under aerobic condition by
Pseudomonas sp. strain C12B was among the first to be studied
[67]. To date, quite numerous SDS-degrading bacteria have
been isolated and characterized [24,66,68—72]. Perhaps, studies
on cold-tolerant microbes with the ability to degrade SDS are
rare and was first reported in 1998 by Margesin and Schinner
[73,74]. The existence of a multitude of bacteria with detergent-

and hydrocarbon-degrading ability makes bioremediation the
ideal method for detergent degradation.

120 -
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Fig. 8. Effect of metal ions on Mo-blue production by Bacillus
amyloliquefaciens strain KIK-12, after 48 hours incubation of resting
cells in a microtiter plate under optimized conditions. The error bars
represent the mean + SD of triplicate.
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Fig. 9. Growth of Bacillus amyloliquefaciens strain KIK-12 resting
cells, after 48 hours incubation on various xenobiotics in a microtiter
plate under optimized conditions. The error bars represent the mean +
SD of triplicate.

CONCLUSION

A locally isolated Mo-reducing bacterium with novel ability to
degrade SDS is reported. The bacterium produced Mo-blue
optimally at pH between 5.8 and 6.3, temperature between 25
and 34 °C, phosphate and molybdate concentrations between
5.0 and 7.5 mM and between 30 and 50 mM respectively.
Glucose was the best electron donor source supporting
molybdate reduction followed by sucrose, fructose, maltose,
lactose, l-arabinose, d-mannose, mannitol and cellobiose. The
Mo-blue absorption spectrum was similar to that of the previous
Mo-reducing bacterium and closely resembles a reduced
phosphomolybdate species. Molybdenum reduction in this
bacterium was inhibited at 2 ppm mercury (ii), copper (ii) and
silver (i) by 82.4, 61.9 and 47.50%, respectively. The ability of
strain KIK-12 to degrade xenobiotics and simultaneously reduce
heavy metals like molybdenum will make it useful for
bioremediation of co-contaminated sites. Currently, work is
ongoing to purify molybdenum-reducing enzyme from this
bacterium and characterize the detergent degradation ability in
more detail.
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