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INTRODUCTION 

 

The continuous discharge of heavy metals, organic and inorganic 

pollutants or artificial chemicals (xenobiotics) such as phenol, 

acrylamide, nicotinamide, acetamide, iodoacetamide, 

propionamide, acetamide, pentachlorophenol, sodium dodecyl 

sulfate (SDS) into the environment are considered as the main 

global problem [1, 2, 3]. These chemicals are produced in 

millions of tonnes yearly with a momentous quantity found 

contaminating the environment.  

 

Anthropogenic activities such as mining are the major cause 

of molybdenum contamination. The releases molybdenum into 

the red river by the Molycorp molybdenum mine in new Mexico 

causes the devastation of river ecosystem [4]. Also in western 

Liaoning, China, mining activities have resulted in contaminating 

the river with molybdenum far beyond the standards [5]. The 
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 ABSTRACT 

The indiscriminate released of heavy metals and xenobiotics into soils and aquatic bodies 

severely alter soil organisms and the ecosystem. The isolation of xenobiotics degrading 

microorganisms is cost-effective and naturally pleasant approach. Lately, the toxicological effect 

of molybdenum to the spermatogenesis of several organisms has been record. This present study 

is aimed at the isolation and characterization of a bacterium capable of converting molybdenum 

to the colloidal molybdenum blue. Bacteria characterization was performed in a microplate 

format using resting cells. Thus, the reduction process can be employed as a device for 

molybdenum bioremediation.  The results of the study revealed an optimum reduction at pH 

between 6.0 and 6.3 and temperatures of between 25 and 40 oC. Similarly, it was also observed 

that a phosphate concentration not greater than 5.0 mM and a sodium molybdate concentration 

at 20 mM was required for reduction. Glucose was observed as the best carbon source to support 

reduction. Following the scanning of molybdenum blue, it revealed an absorption spectrum 

indicating the characteristics of molybdenum blue as a reduced phosphomolybdate. Molybdenum 

reduction is inhibited by heavy metals like silver, lead, arsenic and mercury. Furthermore, the 

ability of the bacterium (Pseudomonas sp. strain Dr.Y Kertih) to utilize several organic 

xenobiotics such as phenol, acrylamide, nicotinamide, acetamide, iodoacetamide, propionamide, 

acetamide, sodium dodecyl sulfate (SDS) and diesel as electron donor sources for aiding 

reduction or as carbon sources for growth was also examined. Finding showed that none was 

capable of aiding molybdenum reduction, however the bacterium was capable of growing on both 

diesel and phenol as carbon sources. GC analysis was used to confirmed diesel degradation. 
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contamination of  nearly 300 square kilometres of land by 

Alaverdi copper molybdenum miners in Armenia has been 

reported [6]. Similarly, occurrence of molybdenum levels 

ranging from 900 to 2,000 mg/l in both water bodies and soils in 

southern Colorado, have been recorded [7]. Molybdenum is not 

produce in huge quantity in Malaysia; it is form as a by-product 

of copper excavation in Ranau sabah. However, due to depletion 

of mineral the mining activity has long stopped functioning. 

Reports of  environmental pollution due to damage of mine 

tailings waste-carrying pipes has been recorded  [8]. In Batu 

hijau, Sumbawa, Indonesia, copper and gold mining activity from 

a copper-gold-molybdenum porphyry deposit is slowly polluting 

the surrounding coastal areas with heavy metals from mine 

tailings dumped into the sea [9]. 

 

Malaysia is known as one of the major producers of oil and 

gas globally. Conversely, the transportation of these 

hydrocarbons via sea or land results in polluting the straits of 

Malacca, which is considered as one of the busiest waterways 

worldwide. Nearly 44,900 tons of  hydrocarbon crude oil polluted 

the straits of Malacca as a result of tanker collision [10]. In 

addition soil contamination with 15 tons of diesel was recorded 

in 2001 at  Seremban  due to overturned lorry tanker  [11]. Phenol 

vapours are toxic to both mucous membranes, and the respiratory 

tract. Toxicity is predominantly based on the formation of 

phenoxyl radicals [12]. Malaysian department of environment 

(doe) categorized both phenolic and hydrocarbon compounds  as 

one of the topmost listed wastes [13,14]. Studies showed that 

several groundwater, wells, and landfills in Malaysia contain 

hydrocarbon and phenolic constituents beyond the maximum 

acceptable range. As such various remediation approaches are 

being conducted locally to clean up these contaminants [15].  

 

The bacterial reduction of molybdate anions into colloidal 

molybdenum blue [16]  and insoluble molybdenum disulphide 

[17]  have long been proposed as a method for bioremediation 

[18,19,20]. Several molybdenum reducing bacteria with 

enhanced tolerance to molybdenum have been isolated 

Enterobacter [19, 21], Acinetobacter calcoaceticus [22], E. coli 

k12 [23], and bacteria from the genera of  Serratia [24, 25, 26, 

27]. Pseudomonas [28, 29], Klebsiella  [30,31,32]  and Bacillus 

[33, 34]. Few bacteria capable of degrading molybdenum employ 

sodium dodecyl sulfate (SDS) as sole source of  carbon for 

growth [31,32]. This thus exhibit the probability of the bacteria 

using xenobiotics as either electron donors for Mo- reduction or 

as sources of carbon for growth.  

 

This work is therefore, aimed at proving the novel ability of 

a molybdenum-reducing bacterium to use diesel and phenol as 

carbon sources, even though these substrates did not support 

molybdenum reduction. 

 
MATERIALS AND METHODS 

 

Isolation of Mo-reducing bacterium 

Contaminated soil samples were collected from hydrocarbon 

storage unit in Kertih, state of Terengganu, Malaysia, in January 

2006. About 5 to 10 cm soil samples were collected from topsoil. 

A low phosphate molybdate media comprising 10 mM sodium 

molybdate and 5 mM phosphate was used as molybdenum-

reducing media. The composition of the media is as follows; 

glucose anhydrous (Sigma-Aldrich, United Kingdom) (1%), 

yeast extract (Oxoid Ltd., Hants, United Kingdom) (0.5%), 

Na2MoO4.2H2O (Sigma-Aldrich, United Kingdom)  (0.242 % or 

10 mM), MgSO4.7H2O (Sigma-Aldrich, United Kingdom) 

(0.05%), (NH4)2.SO4 (Sigma-Aldrich, United Kingdom) (0.3%), 

NaCl (Merck, Poole, Dorset, United Kingdom)  (0.5%), and 

Na2HPO4 (Merck, Poole, Dorset, United Kingdom) (0.071% or 5 

mM) [32].  Soil bacterial suspension was prepared by adding 1.0 

gram of soil to 10 ml of deionized water. This is follow by mixing 

the soil suspension thoroughly, then 0.1 ml of these suspension 

was spread onto an agar plate (1.5 % w/v) containing the above 

LPM medium, and adjusting pH to 6.5. Following an incubation 

for 48 hours at room temperature, several blue and white colonies 

were observed on the plate. Colony observed with the strongest 

blue intensity was restreaked onto LPM agar obtain pure culture. 

The molybdenum blue produced was characterized by 

centrifuging the liquid culture at 10,000 × g for about 10 minutes 

at room temperature to remove bacterial aggregates and then 

scanned at 400 to 900 to obtain the absorption spectrum (UV-

Spectrophotometer, Shimadzu 1201). 

 

16s rDNA gene sequencing  

DNA was extracted from bacterial colony grown at 48-hour using 

alkaline lysis procedure. The extraction was performed following 

manufactures instruction. The extracted DNA was amplified 

using 16s rDNA reverse primer (5’-aaggaggtgatccagccgca-3’) 

and forward primer (5’-agagtttgatcctggctcag-3’) (First Base Sdn 

Bhd., Malaysia)  [35]. The bacterial genomic PCR amplification 

was performed on a thermal cycler (Biometra, Gottingen, 

Germany). Using the following PCR reaction mixture DNA 50 

µl, 200 µm of each deoxynucleotide triphosphate, 1 x reaction 

buffer, 0.5 pm of each primer and 2.5 u of taq DNA polymerase 

(Promega). Initiation of PCR was started with an initial 

denaturation for 3 minutes at 94 °C. This is followed by 25 cycles 

of 94 °C for 1 minute, 50 °C for 1 minute, 72 °C for 2 minutes, 

and a final extension lasting for 10 minutes at 72 °C. A cycle 

sequencing operation using the big dye terminator kit was used 

to sequence the PCR product (Perkin-Elmer applied Biosystems). 

The sequenced data was edited and recorded applying the 

Chromas software (version 1.45), and then blasted through the 

Genbank database (http://www.ncbi.nlm.nih.gov/blast/). The 

resultant 16s rDNA gene sequence was deposited in the Genbank 

database with the accession number EF121820. 

 

Identification of Mo-reducing bacterium 

The bacterium was identified based on biochemical and 

molecular methods. Biochemical identification was performed 

used the Biolog GN Gram-negative bacteria (GN microplate) 

Biolog, Hayward, CA, USA). While molecular analysis was 

performed using program Clustal_w by multiple aligning of the 

closely matched 16s rDNA gene sequences which are retrieved 

from Genbank [36], and the output format was PHYLIP. Before 

further processing gene sequence, proofreading and manual 

curation were carried out. Phylogenetic tree was constructed out 

using the Phylip suits program (J. Q. Felsenstein, 

http://evolution.genetics.washington.edu/phylip.html, PHYLIP, 

Department of Genetics, University of Washington, Seattle, 

WA., v. 3.573.)].  

 

 While the phylogenetic relationship was computed using the 

straightforward and computationally economic distance-based 

technique over the computationally demanding maximum 

parsimony and maximum likelihood techniques. Evolutionary 

distance matrices were computed in accordance with the 

Neighbour-joining/UPGMA method making use of the 

DNADIST  algorithm, and also the output file of the distance 

matrix was evaluated using the jukes and cantor model of 

nucleotide substitution [38]. Inference of the phylogenetic tree  

applied the Neighbour-joining procedure of Saitou and Nei [39]. 

A 1000 (sampling with replacement) bootstraps repetition was 

performed using   SEQBOOT program rather than the jackknife 

(sampling without replacement), and the method was used for 
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each algorithm. This procedure evaluates the confidence levels 

of the individual branches in the tree. A majority rule consensus 

trees (50%) were constructed in the form of Newick standard 

format from a series of trees for the topologies found using the 

CONSENSE Program. Finally, the tree was viewed using 

Treeview program [40]. 

 

Preparation of resting cells  

Bacterium resting cells were set on the microtiter format as 

previously stated, though with minor modification of the LPM 

composition by increased in phosphate concentration to 100 mM. 

This is however  the high phosphate Molybdate media or HPM 

[32, 41]. Growing in LPM triggered the formation of Mo-blue 

aggregates with bacterial cells, therefore increasing phosphate 

concentrations becomes necessary. This is to circumvent 

bacterial aggregations to molybdenum blue which may results 

into cellular harvesting difficulties.  Bacterial cells were grown 

aerobically at room temperature at 48 hours of incubation with 

shaking at 120 rpm on an orbital shaker. Bacterial cells were then 

centrifuged at 10,000 × g for 10 minutes. Following rinsing the 

cellular pellets with deionized water twice, the pellets were then 

suspended in 20 ml of LPM media ignoring glucose.   

 

While alternate set of cellular pellets were resuspended in 

20 ml of LPM media containing glucose and neglecting 

molybdate. Then 180 µl of the bacterial cell suspension from the 

first set was pipetted into the wells of a sterile microplate. In 

order to initiate Mo-blue production, 20 µl sterile glucose from a 

10% (w/v) stock solution was added to the cell suspension. The 

plates were then covered with a sterile sealing tape (Corning® 

Microplate), and incubated at room temperature. The production 

of Mo-blue was determined at 750 nm (Model No. 680 

spectrophotometer, Biorad, Richmond, Ca). The effect of heavy 

metals on mo-blue production was studied using the atomic 

absorption spectrometry (AAS) calibration solutions (Merck 

Chemical Co., Germany).  

 

The ability of phenol, acrylamide, nicotinamide, acetamide, 

iodoacetamide, Propionamide, Sodium dodecyl Sulfate (SDS) 

and diesel to support molybdenum reduction was verified at 500 

mg/l, but in a volume of 50 µl [42], by omitting  glucose in the 

experiment. Concurrently, the ability of the bacterium to grow on 

these xenobiotics separate from molybdenum-reduction was 

carried out using the second set of bacterial cellular suspension 

with a similar volume of xenobiotics utilized. Bacterial growth 

increase after 72 hours of incubation at room temperature was 

assessed at 600 nm. 

 

GC analysis of diesel degradation 

The ability of pseudomonas sp. Strain dr.y kertih  to degrade 

diesel was performed using  100 ml high phosphate media 

augmented with 1,000 mg/l. Biodegradation of diesel by the 

bacterium pseudomonas sp. Strain Dr.Y Kertih was assessed 

using gas chromatographic- mass spectrometry analysis as 

previously described [43]  with minor modifications. Briefly, the 

bacterial culture was aerobically incubated at room temperature 

with shaking at 120 rpm on an orbital shaker for ten days. 

Following incubation period, biodegradation of diesel was 

determined by extracting 5 ml culture media with two volumes 

of 20 ml of n-hexane (solvent) with the aid of separating funnel 

to exclude cellular materials.  

 

The filtrates were then moved into a tarred vial, also n-

hexane was further added to adjust the volume of each extract to 

100 ml. The vials were preserved at 4 °C pending gas 

chromatographic analysis. To monitor loss in abiotic substrate, 

corresponding inoculated control was also incubated 

concurrently with the inoculated media. The effect of diesel 

biodegradation by assessed by GC-MS (Thermo GC- trace ultra 

ver: 5.0, Thermo MS DSQ ii), that was furnished with a DB 35- 

MS capillary standard non-polar column (30 m × 0.25 mm × 0.25 

μm). 1 microliter of the organic stage was evaluated by GC-MC. 

The gas chromatograph prepared with a split–split less injector 

(split ratios of 50:1) was used for the GC-MS analysis. The oven 

temperature was originally at 40°C before preset to 270°C at 

8°C/min rate for 5 min. Both injector temperature, transfer line 

and ionization source were kept at 250°C. The electron control 

ionization was regulated at 70 ev, with helium as carrier gas at 

average linear velocity of 1.0 ml/min. 

 

RESULTS 

 

Identification of Mo-reducing bacterial isolate 

Mo-reducing bacterial isolates was enumerated for its ability to 

produce Mo-blue via checking production at 865 nm. The isolate 

was used for further studies. Bacterium identification was 

performed by comparing both molecular identification method 

using 16srrna gene and results of cultural morphology and that of 

confirmatory biochemical tests (Biolog GN). Analysis based on 

sequence analysis of the 16s rRNA gene showed a low bootstrap 

(29.4%) on aligning strain Kertih to the clade harboring several 

Pseudomonas species such as Pseudomonas sp. and 

Pseudomonas stutzerii. This indicates that the isolates Kertih 

cannot be aligned with any particular pseudomonas species (fig. 

1). However, analysis by biolog GN provide the neighboring 

identification to the Pseudomonas genus with a low possibility. 

Thus, the bacterium is tentatively identified as Pseudomonas sp. 

Strain Dr.Y Kkertih. The bacterium demonstrated optimum pH 

for reduction of between 6.0 and 6.25, and an optimum 

temperature ranging from 25 °C to 34°C (data not shown). 

 

 

 
 

Fig. 1. A neighbour-joining method phylogram indicating the genetic 

relationship between strain Kertih and other microorganisms based on 

sequence analysis of the 16S rRNA gene. Bootstrap values are indicated 

at the branching points or nodes. The values are based on 1000 samplings 

with replacement. The accession numbers of their 16s rRNA sequences 

follows species names. The scale bar represented 100 nucleotide 

substitutions. The outgroup is B. subtilis. 

 

Molybdenum absorbance spectrum  

Over the complete progression of the Molybdate reduction to 

Mo-blue, the result of the scanned culture media supernatants 

from 400 to 1000 nm revealed that the bacterium exhibited a 

remarkable Mo-blue spectrum having an optimum peak at 865 
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nm and a shoulder at 710 nm. This exceptional profile was 

observed to be preserved through the whole cultivation period 

(Fig. 2). 

 

 

  
 

Fig. 2. Molybdenum blue scanning absorption spectrum for 

pseudomonas sp. Strain Dr.Y_Kertih at different time intervals. 

 

 

Effect of electron donor on molybdate reduction  

Glucose with an optimal concentration at 1% (w/v) was observed 

as the utmost electron donor supporting molybdate reduction 

(data not shown). This is followed by fructose, galactose, citrate 

and lactose in descending order (Fig. 3). 

 

 

 
 
Fig. 3. The effect of various carbon sources on bacterial reduction of 

molybdenum. Error bars represent mean ± standard deviation (n = 3). 

 

Molybdate reduction under various concentrations of 

Phosphate and Sodium molybdate  

Both phosphate and molybdate anions affect Mo-blue 

production. Yet, phosphate strongly affect reduction than 

molybdate. At 5.0 mM concentration phosphate best supports 

molybdenum reduction, however at higher concentrations 

molybdenum reduction is strongly inhibited (Fig. 4). Similarly, 

at 15 mM sodium molybdate concentrations maximum amount 

of Mo-blue produced was observed, inhibition of reduction 

occurs at concentrations higher than 20 mM (Fig. 5) 

 

Effect of heavy metals  

At 2 ppm, 91.9, 82.7 and 17.4 %, molybdenum reduction was 

inhibited by silver, lead, arsenic and mercury respectively. The 

heavy metals arsenic, cadmium, copper and lead did not exhibit 

inhibition to molybdenum reduction (Fig. 6). 

 

 

 

 
 

Fig. 4. The effect of phosphate (Na2HPO4) concentrations on bacterial 

reduction of molybdenum. Error bars represent mean ± standard 

deviation (n = 3).  

 

 

 

 
 

 
Fig. 5. The effect of sodium molybdate concentrations on bacterial 

reduction of Molybdenum. Error bars represent mean ± standard 

deviation (n = 3). 

 

 

 
 

 
Fig. 6. The effect of selected heavy metals on bacterial reduction of 

molybdenum. Error bars represent mean ± standard deviation (n = 3). 
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Effect of various organic compounds on molybdenum 

reduction and bacterial growth 

The capability of these organic compounds to function as an 

electron donor for molybdenum reduction was examined. Results 

revealed that no organic compound have the ability to support 

molybdenum reduction. However, it was observed the bacterium 

have the ability to utilize only diesel and phenol were utilized as 

its sole source of carbon for growth (Fig. 7). GC analysis was 

used to ascertain diesel biodegradation, thus a reduction in 

aliphatic carbon peaks specifically at holding time of 14 minutes 

and above was observed (Fig. 8).  

 

 

 
Fig. 7. Mo-blue production (abs 750 nm) and growth (Abs 600 nm) of 

Pseudomonas sp. Strain Dr.Y_Kertih on xenobiotics independent of 

molybdenum reduction. Error bars represent mean ± standard deviation 

(n = 3). 

 

      a 

 

 
b 

 
 

 

Fig. 8. Diesel biodegradation by Pseudomonas sp. strain Dr.Y_Kertih at 

the start of incubation (a), and after 10 days of incubation at room 

temperature (b), monitored through GC-FID (flame ionization detector). 

Hexadecane is the internal standard. 

 

  

DISCUSSIONS 

 

To date various bacteria capable of degrading Molybdenum have 

been isolated and characterize (Table 1). Previously, two 

Molybdenum degrading bacteria from the genus; Pseudomonas 

sp. strain DRY2 [28]  and psychrophilic Antarctic bacterium 

Pseudomonas sp. strain DRY1 [29]  have been documented. 

Interestingly, the optimum ranges stated in this study are 

comparable to the optimal conditions recorded for other Mo-

reducing bacteria (Table 1). The microtiter plate-based resting 

cells has been fully utilized in the characterization of Mo-

reducing bacterium Enterobacter cloacae strain 48 [19]. This 

method permits a high throughput characterization format [44, 

41]. In addition resting cells methods are employed in several 

reduction studies such as chromate, vanadate  [45], and  Selenate 

[46]. Likewise, xenobiotics degradation for instance SDS and 

diesel too take advantage of resting cells. The usage of resting 

cells circumvents the early phase of the development process that 

is typically affected by lethal xenobiotics. 

 
Table 1. Characteristics of various Mo-reducing bacteria isolated to date. 

 
Bacteria Optimal 

Tempe-

rature 
oC 

Optimal 

pH 

 Optimal  

C source 

Optimal 

MoO4 

(mM) 

Optimal 

PO4 

(mM) 

Heavy metals 

inhibit 

Ref. 

Klebsiella oxytoca 

strain aft-7 

25 and 

34 

5.8-6.3 glucose 5-20 5-7.5 Cu2+, Ag+, Hg2+ [32] 

Bacillus pumilus 

strain lbna 

37 7.0-8.0 

 

glucose 40 2.5-5 As3+, Pb2+, Zn2+, 

Cd2+, Cr6+, Hg2+, 

Cu2+ 

[33] 

Bacillus sp. Strain 

a.rzi 

28-30 7.3 

 

glucose 50 4 Cd2+, Cr6+, 

Cu2+,Ag+, Pb2+, 

Hg2+, Co2+,Zn2+  

[34] 

Serratia sp. Strain 

dr.y8 

37 6.0 

 

sucrose 50 5 Cr, Cu, Ag, Hg [26] 

S. Marcescens strain 

dr.y9 

37 7.0 

 

sucrose 20 5 Cr6+, Cu2+, Ag+, 

Hg2+ 

[27] 

Serratia sp. Strain 

dr.y5 

37 7.0 

 

glucose 30 5 N.A. [25] 

Pseudomonas sp. 

Strain dry2 

40 6.0 

 

glucose 15-20 5 Cr6+, Cu2+, Pb2+, 

Hg2+ 

[28] 

Pseudomonas sp. 

Strain dry1 

15-20 6.5-7.5 

 

glucose 30-50 5 Cd2+, Cr6+, 

Cu2+,Ag+, Pb2+, 

Hg2+ 

[29] 

Enterobacter sp. 

Strain dr.y13 

37 6.5 

 

glucose 25-50 5 Cr6+, Cd2+, Cu2+, 

Ag+, Hg2+ 

[26] 

Acinetobacter 

calcoaceticus strain 

dr.y12 

37 6.5 

 

glucose 20 5 Cd2+, Cr6+, Cu2+, 

Pb2+, Hg2+ 

[28] 

Serratia marcescens 

strain dry6 

35 7.0 

 

sucrose 15-25 5 Cr6+, Cu2+, Hg2+* [24] 
 

Enterobacter cloacae 

strain 48 

30 7.0 

 

sucrose 20 2.9 Cr6+, Cu2+ [19] 

Escherichia coli k12 30-36 7.0 

 

glucose 80 5 Cr6+ [23] 

Klebsiella oxytoca 

strain hkeem 

30 7.3 

 

fructose 80 4.5 Cu2+, ag+, hg2+ (30] 

 

Furthermore, the  bacterium  spectrum  observed in this 

study was  almost equal to that of other  Mo-reducing bacteria 

isolated [30, 32, 34, 59]. Virtually all Mo-blue producing 

bacterial display spectra with closeness to the phosphate 

determination method. The phosphomolybdate in the latter is 

changed to Mo-blue using ascorbate as the reducing agent. This 

reduced phosphomolybdate exhibit a characterized shoulder of 

from 700 to 720 nm, plus a maximum peak of about 890 nm 

[48,49,50]. This findings in in agreement to that of [23], who also 

recorded similar result. Based on molybdenum chemistry and 

Mo-blue spectral analysis, a new postulate was proposed that 

during reduction of sodium molybdate to Mo-blue by Mo-blue 

production bacteria a phoshomolybdate transition is formed [51]. 

The formation of a transitional species during heavy metal 

reduction such as chromate reduction (6+ to 3+) has been 

slightest shown in the bacteria Pseudomonas ambigua and 

Shewanella putrefaciens (now known as S. oneidensis), existence 

of the intermediate species Cr5+ were ascertain via spectroscopic 

and paramagnetic resonance works.  

 

Spectroscopic analysis used in this study is considered as 

the easiest technique for differentiating among the existing 

heteropolymolybdates, which include silicomolybdate, 

phosphomolybdate, and sulfomolybdate [52,53]. The actual 

electron acceptor substrate for molybdenum reduction uses 

sodium molybdate. We suggest phoshomolybdate as an 

alternative of molybdate as the Mo-reducing enzyme substrate. 

The reformed in substrate allows enzyme purification for the first 

time [24,55]. The reduced phosphomolybdate or Mo-blue consist 

of a complex structure, with a fractional oxidation state between 

6+ and 5+. It structure is thus Keggin in nature with a  general 
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molecular formula of [XM12O40]n−, the X are heteroatoms such 

as Si4+, P5+, or B3+ and M as the addenda atom for examples 

molybdenum and tungsten [57,56,48]. While Mo-blue displayed 

a maximum wavelength at 865 nm. In this study Mo-blue was 

monitored at 750 nm, monitoring at such wavelength was aimed 

at facilitating microplate method. However, the Monitored 

wavelength is relatively below 865 nm with nearly 30%. And yet 

750 nm wavelength is greater than bacterial cellular absorption, 

which is normally ranged amid 600 and 620 nm. Thus,  

monitoring at 600 and 620 nm wavelength is suitable for 

quantifying Mo-blue production [41]. In addition, the 

wavelengths such as 820 nm [23]  and 710 nm [19]  have been 

employed to monitor Mo-blue production.  

 

Earlier studies revealed that most of the molybdenum-

reducing bacteria prefer either glucose or sucrose as the utmost 

electron donor (Table 1). This choice may be due to the simply 

assimilable characteristics of these carbohydrates. Using either 

glucose or sucrose as source of carbon NADH and NADPH 

reduced equivalent can be easily produce. These compounds 

functions as electron donor substrate for Mo-reducing enzymes  

[55]. The reducing equivalents are formed through broad 

metabolic pathways such as glycolysis, Kreb’s cycle. Regardless 

of sucrose and glucose being tremendous electron donor, an 

inexpensive carbon source like molasses can be employed 

particularly in real bioremediation, as molasses can be acquired 

economically and in huge amount from the sugar cane industry 

in Malaysia. Also it has been utilized by the bacterium Flexivirga 

alba as electron donor in the reduction of hexavalent chromate 

[49]  The promising utilization of molasses as a carbon source is 

presently being assessed. It has been reported that phosphate at 

concentrations higher than 2.9 mM inhibit bacterial molybdenum 

reduction [19].  

 

Generally, several Mo-reducing bacteria are inhibited at 

concentrations higher than 5 mM (Table 1). At a neutral pH 

Phosphomolybdate is speedily oxidized, this is because acidic pH 

is required for its stability [58, 59]. Phosphate retains neutral 

environment at concentrations of 20 mM and higher, this rapidly 

destabilizes phosphomolybdate. Also phosphate itself can disrupt 

phosphomolybdate complex as a study has revealed that an 

acidified phosphate solution disrupts an ascorbate-reduced 

phosphomolybdate [59]. An optimum Mo-blue production is 

observed in bacteria at molybdate concentration between 5 and 

80 mM (Table 1). In divergence to cationic heavy metals, 

bacteria can tolerate and decrease high concentrations of anionic 

heavy metals. For example, the most tolerant bacteria can tolerate 

and reduce arsenate at 30 mM as observed in Desulfomicrobium 

strain Ben-RB [60] chromate at 30 mM in Pseudomonas putida 

[61], selenate at 20 mM in Bacillus sp. [62], and vanadate at 50 

mM in Pseudomonas isachenkovii [63]. These bacteria can be 

used for bio-remediating molybdenum-contaminated areas.  

 

Mercury and Copper were observed to display resilient 

inhibitory response to molybdenum reduction among the heavy 

metals tested and are to date inhibit several of the Mo-reducing 

bacteria isolate (Table 1). These two-heavy metal (mercury and 

copper) are also known to demonstrate a strong inhibitor in 

Bacillus sp. to chromate reduction from Cr6+ to Cr3+. through the 

sulfhydryl group as the targeted inhibition site [64], and 

Enterobacter cloacae strain H01 [52]. Enzyme glucose oxidase 

[65] and nitrogen metabolism enzymes are often inhibits by 

chromate [66]. The threat of mercury inhibition can be thus 

prevented through use of certain metal-sequestering or chelating 

supplements such as calcium carbonate, manganese oxide, 

phosphate, and magnesium hydroxide at the sites of 

bioremediation [68,67], and allowing remediation of 

molybdenum to progress. In addition, the toxicity of mercury and 

copper can also be reduced alternatively by use of immobilized 

molybdenum-reducing bacterium in dialysis tubing or suitable 

membrane [69]. The growth rate observed shows that growth on 

diesel and phenol was rapidly than either acrylamide, acetamide 

or propionamide, whereas the lag phase also revealed that the 

bacteria could grow on both diesel and phenol faster with a lower 

lag phase than acetamide and propionamide. The occurrence of 

lag phase shows that for bacterial cells to tolerate and start 

metabolic pathways required for assimilation extra energy is 

required. The xenobiotic phenol could be serve as electron donor 

in the reduction of chromate,  [70]. Nonetheless, mostly the use 

of simple carbohydrates such as lactate, sucrose or glucose as 

donor are more preferred, as such it is a very rare phenomena for 

these two.  

 

The ability of carbon sources other than carbohydrates to 

support Mo-reduction in bacterium is new. Diesel is lethal to 

microorganisms at a high concentration, owing to the solvent 

effect that injure bacterial cell membrane [26]. Several bacteria 

genus  have been described to utilizes hydrocarbon; among are 

Pseudomonas, Bacillus, Proteus, Aeruginosa, Klebsiella, 

Aeromonas, Micrococcus, Serratia, Acinetobacter, 

Staphylococcus, and Flavobacterium [86, 71, 11, 72, 73, 74, 75, 

76,77,79,78]. Phenol-degrading bacteria are suitable for 

remediation of phenol contamination due to cost-effective. 

Phenol degradation by microbes has been a persistence study 

worldwide. Thus phenol degrading bacteria include 

Pseudomonas species [80,81,82], Bacillus brevis [83], 

Alcaligenes sp. [84], Ochrobactrum sp. [85], Acinetobacter sp. 

[86]  and Rhodococcus species [42]. Conversely, barely any 

bacteria capable of degrading xenobiotic and detoxify heavy 

metals have been documented. Presently, study are ongoing to 

purify the molybdenum-reducing enzyme from this bacterium 

and to wholly typify the xenobiotic-degrading property. Thus, the 

prospective of this bacterium to achieve the two functions 

demonstrate that this bacterium can be advantageous as a 

bioremediation agent in polluted sites co-polluted with 

xenobiotic and heavy metals. 

 

Conclusively, the characterization of molybdenum reduction 

couple with screening of potential xenobiotics acting as electron 

donor or carbon sources for growth was performed utilizing 

resting cells in a microplate format allowing a theoretically high 

throughput process. Glucose was observed to be the best electron 

donor for supporting reduction, whereas a serious phosphate 

concentration of 5.0 mM was optimal. Higher concentrations of 

phosphate were strongly inhibitory. The identity of the 

molybdenum blue produced showed that it is a reduced 

phoshomolybdate based on scanning absorption spectrum 
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