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Microbial metal reduction of molybdenum to molybdenum blue can be used in the bioremediation of
molybdenum contaminated environment. A molybdenum-reducing strain, S. marcescens strain Dr.Y6, was
tested for its molybdenum-reduction capability in the presence of several metal ions such as Cr®*, Fe**, Fe?",
Zn*, Mg*, Co*" ,Ni**,Cd**, Ag*, Mn?*, Cu®*, Hg**, Pb**and Sn**. Metal ions such as chromium, copper and
mercury caused 88.4, 98.8 and 88.3% inhibition of the molybdenum-reducing activity, respectively,
indicating the presence of a thiol group in the molybdenum-reducing enzyme of this bacterium. However,
two ions, ferrous and stannous, markedly increased the activity of molybdenum-reducing activity in this
bacterium in the control studies suggesting that these metal ions could produce false positive results and

their use should be accompanied with proper control.

INTRODUCTION

The prevalence of toxic xenobiotics in various parts of the world
such as azo dyes [1-3], heavy metals [4-12], detergents [13],
acrylamide [14,15], diesel [16,17] and pesticides [18,19] is such
that it is no longer a question of “where” but a question of “how
much”. Thus, researchers have begun to embark upon various
methods to reduce the toxicity of xenobiotics and heavy metals.
Bioremediation is a biotechnological approach towards removal of
heavy metal. Numerous heavy metals are amenable to
bioremediation [20]. One of an emerging global metal pollutant is
molybdenum [21]. Microbial molybdenum reduction to
molybdenum blue is a phenomenon that have been reported for
more than one hundred years and is a potential bioremediation
tool. According to Levine, [22] microbial molybdate reduction to
molybdenum blue was first mentioned in 1896 by Capaldi and
Proskauer [23]. Other reports on mirobial molybdate reduction
were by Jan [24], Marchal and Gerard [25], and Bautista and
Alexander [26]. However, detailed studies on this phenomenon is
initiated in 1985 by Campbell et al. [27] in E. coli K12. Several
years later, Sugio er al. [28] reported on the reduction of
molybdate into molybdenum blue by Thiobacillus ferrooxidans
strain AP19-3 without being aware of the works carried out by
Campbell et al. [27]. The first local bacterium reported with

molybdenum-reducing ability is Enterobacter cloacae strain 48
(EC 48)[29]. It was discovered that several other molybdenum-
reducing bacteria exhibited unique molybdenum blue absorption
spectrum [30]. A method has been developed to test whether the
effects of activators or inhibitors to the molybdenum-reducing
enzyme are genuine or false [7]. Recently, we have isolated and
characterized two local molybdenum-reducing bacteria- Serratia
marcescens strain DrY6 [31] and Serratia sp. [5]. More recently, a
novel inhibitive assay for the heavy metal copper has been
developed using the molybdenum-reducing enzyme system [32].
Ghani et al. [29] and Campbell ez al. [27] have shown that metal
ions play an important role in molybdenum reduction. The effect
of metal ions was not studied in S. marcescens strain DrY6 .
Hence, we report on the study of the effect of metal ions on
molybdate reduction by S. marcescens strain Dr.Y6.

S. marcescens was maintained in low phosphate
molybdate media (LPM) media (pH 7.0) containing (w/v%)
sucrose (1%), (NH4)2SO4 (0.3%), MgS04.7H20 (0.05%), NaCl
(0.5%), yeast extract (0.05%), NaxMo0oO4+.2H20 (20 mM) and
Na;HPOs (5 mM). Sucrose was autoclaved separately [31].
Growth in liquid media uses the same media as in the solid media
above. Molybdenum blue is produced in this media but not at high
phosphate media (100 mM phosphate). S. marcescens strain
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Dr.Y6 was grown and maintained on the above low phosphate
liquid and solid media.

Molybdenum-reducing enzyme was assayed using
molybdate as the electron acceptor and NADH as the electron
donor as outlined by Shukor et al., 2008d. Briefly, laboratory-
prepared ten to four phosphomolybdate or 10:4 ratio of
phosphomolybdate was prepared arbitrarily as a 60 mM stock
solution in deionized water. This was achieved by mixing 600
mM molybdate (NaxMoO4.2H20) with 240 mM phosphate
(Na2HPO4.2H20). Adjustment of the phosphomolybdate solution
to pH 5.0 was carried out using 1 M HCI. Into 1 ml of reaction
mixture containing 15 mM (final concentration) laboratory-
prepared electron acceptor substrate in 50 mM citrate-phosphate
buffer pH 5.0 at room temperature, 100 ml of NADH (80 mM
stock) was added to a final concentration of 8§ mM. Fifty
microlitres of crude preparation of the Mo-reducing enzyme was
added to start the reaction. The increase in absorbance in one
minute was read at 865 nm. One unit of Mo-reducing activity is
defined as that amount of enzyme that produce 1 nmole
molybdenum blue per minute at room temperature. The specific
extinction coefficient at 865 nm for the product; molybdenum
blue, was determined by means of a standard curve obtained using
ascorbate-reduced 12-phoshomolybdate. The specific extinction
coefficient at 865 nm is 16.7 mM'.cm!'. An increase in
absorbance at 865 nm of 1.00 unit absorbance per minute per mg
protein would yield 60 nmole of 12-phoshomolybdate or 60 units
of enzyme activity in a 1 ml assay mixture [33].

The following experiment was carried out at 4 °C unless stated
otherwise. Cells were harvested through centrifugation at 10 000 g
for 10 minutes. Cells were washed at least once with distilled
water, resuspended and recentrifuged. The pellet was reconstituted
with 10 ml of 50 mM Tris buffer pH 7.5 (Tris buffer prepared at 4
°C) containing 0.1 mM PMSF (phenylmethylsulphonyl fluoride.
Cells were sonicated for 1 minute on an ice bath with 4 minutes
cooling until a total sonication time of at least 20 minutes was
achieved. The sonicated fraction was centrifuged at 10 000 g for
20 minutes and the supernatant consisting of the crude enzyme
fraction was taken.

Metal ions such as Fe** (FeCl;.6H.0, BDH), Cr* (K2Cr207,
BDH), Fe?* (Fe(NH4)2(SO4)2.6H20, BDH), Zn?*" (ZnCl, BDH),
Mg>* (MgCl,, BDH) , Co** (CoCl.6H.O, BDH), Ni**
(NiCl.6H>0O, BDH), Cd** (CdClL.H20O, SparkChem), Ag*
(AgNO3, JT Baker) , Mn* (MnChL.4H:0, JT Baker),
Cu?*(CuS04.5H20, JT Baker), Hg** (HgCl> JT Baker), Pb**
(PbClz, JT Baker) , Sn**(SnCl>.2H.0, BDH) were dissolved in 20
mM Tris.Cl buffer pH 7.0. Inhibitors and metal ions were
preincubated with one hundred microlitres of enzyme in the
reaction mixture at 4 °C for 10 minutes minus NADH. The
incubation mixture was then warmed to room temperature and
NADH added to start the reaction. Deionised water was added so
that the total reaction mixture was 2.0 mL. As a control, 50 mL of
acetone was added in the reaction mixture without inhibitors. The
increase in absorbance at 865 nm was measured after a period of 5
minutes.

The results showed that chromium, copper and mercury caused
88.4, 98.8 and 88.3% inhibition of the molybdenum-reducing
activity, respectively. The results indicate the presence of
sulfhydryl group in the active site of the molybdenum-reducing
enzyme. Two ions; ferrous and stannous, markedly increased the
activity of molybdenum-reducing activity in this bacterium. The

rest of the metal ions did not have an effect on the molybdenum-
reducing activity from this bacterium (Table 1).

TABLE 1. EFFECT OF METAL IONS ON MOLYBDATE
REDUCTION. DATA IS MEANt STANDARD ERROR

(N=3).
Metal ions (2 mm) Molybdenum blue
produced
(nmole/min/mg)
CONTROL 20.10 + 0.17
Cré+ 2.34 + 0.11
Fe’+ 21.72 + 221
Fe?* 51.20 + 234
Zn** 21.13 + 0.15
Mg 19.53 + 124
Co* 21.13 + 097
Ni% 20.28 + 047
Cd* 18.59 + 193
Ag* 22.11 + 275
Mn?* 19.43 + 029
Cu? 0.25 + 0.06
Hg** 3.37 + 096
Pb* 19.24 + 0.11
Sn* 48.14 + 154

However, we discovered that ferrous and stannous ions could
reduce molybdate to molybdenum blue in the control studies. The
stimulatory effect of ferrous and stannous is suspected since both
have been used as chemical reducing agents for the conversion of
molybdate to molybdenum blue [29]. In addition, Yong et al. [34]
discovered that ferrous irons were responsible for the reduction of
molybdate to molybdenum blue in the acidic media of T.
ferrooxidans. Even the construction of the molybdenum blue
standard curve uses stannous ions as the chemical reductant
[28,29].

Certain metal ions especially heavy metals are known inhibitors of
metal-reducing enzyme and the target of inhibition has been
suggested as the thiol group [34, 35]. Thus, screening for metal
tolerant strains is important since sites containing metal
contaminant usually contain other toxic heavy metals. The
remediation of a target metal would depend upon microbial
resistance towards other metal ions presence in the site.
Chromium-reducing bacteria relies upon chromate reductase to
convert the soluble chromium (vi) ions into the less toxic
chromium (iii) ions and this enzyme is inhibited by heavy metal
ions such as copper and mercury. In order to overcome this
inhibition, heavy metals resistant chromate-reducing bacteria have
been screened from environmental isolates and the results have
been successful [36]. Based on this approach, future works would
include screening for metal resistant molybdenum reducing
bacteria.



Journal of Environmental Microbiology and Toxicology (2013 ), Vol. 1, No. 1, 5-8

REFERENCES

[1] Demir G, Ozcan HK, Tufekci N, Borat M. Decolorization of
Remazol Yellow RR Gran by white rot fungus Phanerochaete
chrysosporium. J. Environ. Biol. 2007; 28(4): 813-817

[2] Pant D, Singh A, Satyawali Y and Gupta RK. Effect of carbon
and nitrogen source amendment on synthetic dyes
decolourizing efficiency of white-rot fungus, Phanerochaete
chrysosporium. J. Environ. Biol. 2008; 29(1): 79-84

[3] Syed MA, Sim HK, Khalid A, Shukor MY. A simple method
to screen for azo-dye-degrading bacteria. J. Environ. Biol.
2009; 30(1): 89-92

[4] Ghosh TK. Global environmental problems. J. Environ. Biol.
2008; 29(2): 2008

[5] Rahman MFA, Shukor MY, Suhaili Z, Mustafa S, Shamaan
NA, Syed MA. Reduction of Mo(VI) by the bacterium
Serratia sp. strain DRYS. J. Environ. Biol. 2009; 30(1): 2009

[6] Shukor MY, Baharom NA, Rahman FA, Abdullah MP,
Shamaan NA, Syed MA. Development of a heavy metals
enzymatic-based assay using papain. Anal. Chim. Acta.2006;
566(2): 283-289

[7] Shukor MY, Rahman MFA, Shamaan NA, Lee CH, Karim
MIA, Syed MA. An improved enzyme assay for
molybdenum-reducing activity in bacteria. Appl. Biochem.
Biotechnol. 2008; 144(3): 293-300

[8] Shukor MY, Rahman MF, Suhaili Z, Shamaan NA, Syed MA
.Bacterial reduction of hexavalent molybdenum to
molybdenum blue. World Journal of Microbiology and
Biotechnology. 2009; 25(7): 1225-1234

[9] Shukor MY, Shamaan NA, Syed MA. Reduction of molybdate
to molybdenum blue by Enterobacter sp. strain Dr.Y13. J.
Basic Microbiol. 2009; 49: 1-12

[10] Karthikeyan S, Palaniappan PR, Sabhanayakam S. Influence
of pH and water hardness upon nickel accumulation in edible
fish Cirrhinus mrigala. J. Environ. Biol. 2007; 28(2): 489—
492.

[11] Agtas S, Gey H, Gul S. Concentration of heavy metals in
water and chub, Leuciscus cephalus (Linn.) from the river
Yildiz, Turkey. J. Environ. Biol. 2007; 28(4): 845-849

[12] Sahu RK, Katiyar S, Tiwari J, Kisku GC. Assessment of
drain water receiving effluent from tanneries and its impact on
soil and plants with particular emphasis on bioaccumulation of
heavy metals. J. Environ. Biol. 2007; 28(3): 685-692

[13] Shukor MY, Husin WSW, Rahman MFA, Shamaan NA,
Syed MA. Isolation and characterization of an SDS-degrading
Klebsiella oxytoca. J. Environ. Biol. 2009; 30(1): 129-134

[14] Shukor MY, Gusmanizar N, Azmi NA, Hamid M, Ramli J,
Shamaan NA, Syed MA. Isolation and characterization of an
acrylamide-degrading Bacillus cereus. J. Environ. Biol. 2009;
30(1): 57-64

[15] Shukor MY, Gusmanizar N, Ramli J, Shamaan NA,
MacCormack WP, Syed MA. Isolation and characterization of
an acrylamide-degrading antartic bacterium. J Environ Biol.
2009; 30(1): 107-12

[16] Shukor MY, Dahalan FA, Jusoh AZ, Muse R, Shamaan NA,

Syed MA. Characterization of a diesel-degrading strain
isolated from a hydrocarbon-contaminated site. J. Environ.
Biol. 2009; 30(1): 145-150 (2009)
[17] Shukor MY, Hassan NAA, Jusoh AZ, Perumal N,
Shamaan NA, MacCormack WP and Syed MA. Isolation and
characterization of a Pseudomonas diesel-degrading strain
from Antarctica. J. Environ. Biol. 2009; 30(1): 1-6

[18] Srivastava R, Srivastava N. Changes in nutritive value of
fish, Channa punctatus after chronic exposure to zinc. Journal
Environmental Biology. 2008; 29: 299-302

[19] Tham LG, Perumal N, Syed MA, Shamaan NA, Shukor MY.
Assessment of Clarias Batrachus as a source of
acetylcholinesterase (AChE) for the detection of insecticides.
J. Environ. Biol. 2009; 30:1

[20] King RB, Long M, Sheldon JK. Practical environmental
bioremediation: The field guide. Lewis Publisher, Florida
(1992).

[21] Davis GK. Molybdenum. /n: Metals and their compounds in
the environment, occurrence, analysis and biological
relevance. (Ed.: M. Ernest). VCH Weinheim, New York. pp.
1089-1100 (1991).

[22] Levine VE. The reducing properties of microorganisms with
special reference to selenium compounds. J. Bacteriol. 1925;
10: 217-263

[23] Capaldi A, Proskauer B. Beitrage zur Kenntnis der
Siurebildung bei Typhusbacillen und Bacterium coli.
(Contribution of B. typhi and E. coli to the knowledge of
Siurebildung). Zeitschr. f. Hyg. u. Infektionskrankh. 1896; 23:
452474

[24] Jan A. La reduction biologique du molybdate d'ammonium
par les bactéries du genre Serratia. (The biological reduction
of ammonium molybdate by the bacterium from the genus
Serratia). Bull. Sci. Pharmacol. 1939; 46: 336-339

[25] Marchal JG, Gerard TH. Etude du pouvoir reducteur de
quelque souches de colibacille sur le molybdate d'ammoniaque
(Study of the reduction capacity of E. coli on ammonia
molybdate). Trav. Lab. Microbiol. Fac. Pharm. Nancy. 1948;
6: 11-23

[26] Bautista EM, Alexander M. Reduction of inorganic
compounds by soil microorganisms. Soil Sci. Soc. Am. J.
1972; 36: 918-920.

[27] Campbell MA, Campbell AD, Villaret DB. Molybdate
reduction by Eschericia coli K-12 and its chl Mutants. Proc.
Nat. Acad. Sci. USA. 1985; 82: 227-231 (1985).

[28] Sugio T, Tsujita Y, Katagiri T, Inagaki K, Tano T. Reduction
of Mo®* with elemental sulfur by Thiobacillus ferrooxidans. J
Bacteriol. 1988; 170(12): 5956-5959

[29] Ghani B, Takai M, Hisham NZ, Kishimito N, Ismail MIA,
Tano T, Sugio T. Isolation and characterization of a Mo®*-
reducing bacterium. Appl. Environ. Microbiol. 1993; 59:
1176-1180 (1993).

[30] Shukor MY, Adam H, Ithnin K, Yunus I, Shamaan NA, Syed
MA. Molybdate reduction to Mo-blue in microbe proceeds via
a phosphomolybdate intermediate. J. Biol. Sci. 2007; 7(8):
1448-1452

[31] Shukor MY, Habib SHM, Rahman MFA, Jirangon H,
Abdullah MPA, Shamaan NA, Syed MA. Hexavalent
molybdenum reduction to molybdenum blue by S. marcescens
strain Dr.Y6. Appl. Biochem. Biotechnol.2008; 149(1): 3343

[32] Shukor MY, Bakar NA, Othman AR, Yunus I, Shamaan NA
and Syed MA. Development of an inhibitive enzyme assay for
copper. J. Environ. Biol. 2009; 30(1): 39-44.

[33] Shukor MY, Shamaan NA, Syed MA, Lee H, Karim MIA.
Characterization and quantification of Mo-blue production in
Enterobacter cloacae strain 48 using 12 phosphomolybdate as
the reference compound. Asia Pac. J. Mol. Biol. Biotechnol.
2000; 8(2): 167-172

[34] Yong NK, Oshima M, Blake RC, Sugio T. Isolation and
some properties of an iron-oxidizing bacterium Thiobacillus



Journal of Environmental Microbiology and Toxicology (2013 ), Vol. 1, No. 1, 5-8

ferrooxidans resistant to molybdenum ion. Bioscience,
Biotechnology and Biochemistry. 1997; 61(9): 1523-1526

[35] Elangovan R, Abhipsa S, Rohit B, Ligy P, Chandraraj PK.
Reduction of Cr(VI) by a Bacillus sp. Biotechnol. Lett. 2006;
28:247-252

[36] Appannaa VD, Gazso LG, Pierre MS. Multiple-metal

tolerance in Pseudomonas fluorescens and its biotechnological
significance. J. Biotechnol. 1996; 52: 75-80



