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INTRODUCTION 
 
Bioremediation, when applied to contaminants at low 
concentrations, can ultimately prove to be more cost-effective 
than alternative approaches like physical or chemical cleanup [1]. 
One of molybdenum's most common industrial uses is in the 
production of steel and alloys.  More than fifty enzymes rely on 
molybdenum as a cofactor [2]. New evidence suggests that 
molybdenum inhibits embryogenesis and spermatogenesis in 
certain animals, including mice and catfish [3,3–6]. Furthermore, 
molybdenum is very toxic to ruminants [7,8]. Industries around 
the world produce scheduled wastes, the most common of which 
are hydrocarbons (oil, grease, and phenolics) and heavy metals, 
which are major pollutants [9]. Accidents also contribute to 
pollution.  Damage to the ecosystem was extensive after the 2003 
spill of nearly 30,000 tonnes of crude oil by the tanker Tasman 
Spirit near the Karachi coast, Pakistan [10]. A wide variety of 
creatures, including humans, are poisoned by phenol and 
phenolic compounds (Fig. 1) [11]. These compounds' vapors are 
extremely irritating to the respiratory system, skin, eyes, and 
mucous membranes.  Dermatitis and even third-degree burns can 
result from prolonged skin contact.  The kidneys and liver are 

negatively impacted by prolonged exposure.  The formation of 
phenoxyl radicals and its hydrophobicity contribute to its toxicity 
[12]. Its global pollution is well known. 
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Fig. 1. The structure of some toxic phenolic compounds. 
 
The versatility of certain microbes is highly valued in polluted 
areas where multiple contaminants are present, and their capacity 
to break down various xenobiotics and heavy metals all at once 
is a huge plus.  The biodegradation of phenol in conjunction with 
chromate reduction is one concrete example [13,14]. 
Molybdenum (Mo), a transition metal and vital micronutrient, 
occurs in multiple oxidation states, with molybdate (Mo⁶⁺) 
representing the most stable and soluble form in environmental 
conditions.  The versatility of molybdenum makes it an essential 
ingredient in many different goods. It is a component of electrical 
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 ABSTRACT 
Bioremediation is a better alternative when other procedures, including physical or chemical 
ones, don't work to get rid of small levels of dangerous heavy metals and organic contaminants.  
In this investigation, we found a bacterium that can remove molybdenum from soil that has been 
polluted.  The bacterium could grow on phenolic chemicals such phenol, benzoate, 2-napthol, 
and catechol. The best rate for the bacterium to change sodium molybdate to molybdenum blue 
(Mo-blue) is when the pH is between 6.3 and 6.5 and the temperature is between 25 and 30 °C.  
In that order, glucose, fructose, and galactose were the best electron donors for helping molybdate 
reduction. It is also important to know the phosphate levels, which should be between 5.0 and 7.5 
mM, and the molybdate levels, which should be between 15 and 20 mM. The Mo-blue that came 
out showed absorption spectra that were extremely similar to those of a phosphomolybdate that 
had been decreased. At 2 ppm, heavy metals mercury (II), silver (I), copper (II), and chromium 
(VI) reduced molybdenum reduction by 78.9%, 69.2%, 59.5%, and 40.1%, respectively.  
Biochemical tests tentatively identified the bacterium as Pseudomonas sp. strain Aft-9.  This 
bacteria is useful for bioremediation since it can detoxify molybdenum and grow on poisonous 
phenolics. 
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and electronic components, paint, pigment, glass, nickel-base 
alloys, and lubricants (in the form of molybdenum disulfide). The 
effluents from these businesses account for a considerable 
amount of the molybdenum contamination [15]. In most naturally 
occurring waters, Mo concentrations are less than 10 µg/L [16].  
 

The pollution of heavy metals, particularly molybdenum, 
has worsened in Tokyo Bay and the Black Sea as a result of 
decades of heavy industry. In comparison to the previously 
mentioned background level, these levels are substantially 
greater [15]. Pollution from industrial discharge periods has led 
to soils in Tyrol, Austria, that ruminants eat having molybdenum 
levels above 200 parts per million. This has caused scouring in 
cattle and, finally, its remediation was achieved using bacteria 
from sewers [17]. Soil molybdenum concentrations ranging from 
0.25 to 252 mg/kg was found in a polluted soil. The excess 
molybdenum content comes from a byproduct of a Chinese light-
bulb manufacturing plant that has been operational for decades 
[18]. The air in Islamabad, Pakistan, contains unusually high 
concentrations of the elements molybdenum and niobium, 
according to scientists. The elevated levels of these metals were 
initially believed to be caused by human activities [19]. 
Molybdenum concentrations in soil reach 11.7 mg/kg in certain 
regions of Jordan, where extensive oil shale extraction and 
processing have occurred. Cows and sheep grazing on grasses in 
these soils may experience unrecorded diseases due to 
molybdenum exposure [20].  
 

Some bacteria show the distinctive capability to reduce 
molybdate to molybdenum blue (Mo-blue), a lower-valence 
form.  This transformation required the enzymatic reduction of 
molybdate into mixed-valence molybdenum oxide species [21], 
characterized by a vivid blue hue resulting from charge-transfer 
transitions between Mo⁵⁺ and Mo⁶⁺ oxidation states [22].  Mo-
blue production by bacteria serves as a marker for molybdate 
biotransformation and has been extensively researched in strains 
of Pseudomonas, Enterobacter, Serratia, and Acinetobacter, 
among others [23]. To date, the process of molybdenum 
reduction in bacteria remains incompletely elucidated, yet it is 
thought to involve the electron transfer from intracellular 
reducing agents, such as NADH or NADPH, to phosphmolybdate 
through the action of a molybdenum-reducing enzyme.  Optimal 
reduction conditions differ among species but are typically 
facilitated by the presence of monosaccharides (e.g., glucose), a 
slightly acidic to neutral pH, and an anaerobic or microaerophilic 
environment.  The resultant Mo-blue is a colloidal and nanoscale 
molybdenum oxide, generally consisting of molybdenum in 
+5/+6 oxidation states as mentioned before [24]. 
 
  In addition to its function in biogeochemical cycling, the 
biogenic production of Mo-blue holds significant potential in 
nanotechnology, particularly because of its nanoscale 
architecture, stability, and redox characteristics.  Mo-blue 
nanoparticles possess distinctive electronic, optical, and catalytic 
properties that render them suitable for photocatalysis, 
biosensing, and electrochemical energy storage applications.  
Their vivid hue and redox properties render them valuable as 
colorimetric indicators in bioassays and diagnostic kits [25]. 
Moreover, the biogenic method of Mo-blue synthesis is 
environmentally sustainable and economically advantageous 
relative to chemical or physical techniques. An additional 
emerging application is in environmental remediation, wherein 
Mo-blue-producing bacteria may be incorporated into biofilters 
or bioelectrochemical systems.  These systems would utilize 
biotransformation and nanoparticle synthesis to remediate 
molybdenum-contaminated water while concurrently producing 
functional nanomaterials [26]. 

In this study, we test the growth potential of a new 
molybdenum-reducing bacterium on phenol and other phenolic 
compounds using soil samples taken from polluted areas.  The 
ability to grow on multiple phenolic compounds isolated from 
polluted soil is a unique trait of a new molybdenum-reducing 
bacterium that we describe here.  Future bioremediation efforts 
involving the heavy metal molybdenum and dye, an organic 
pollutant, might benefit from this bacterium's traits. 
 
MATERIALS AND METHODS 
 
Isolation of molybdenum-reducing bacterium 
The presence of blue colonies on a molybdenum minimal salts 
media indicated the presence of molybdenum-reducing (Mo-
reducing) bacteria. Soil samples from the grounds of a 
contaminated land were taken 5 cm deep from topsoil in the 
province of Khyber Pakhtunkhwa, Pakistan, in 2013 [27]. A 
suspension containing one gram of soil sample in sterile tap water 
was prepared and 0.1 mL was pipetted and spread onto an agar 
of low phosphate media (LPM) at pH 7.0 with the following: 
glucose (1%) as the electron donor for reduction, MgSO4.7H2O 
(0.05%), (NH4)2.SO4 (0.3%), yeast extract (0.5%), NaCl (0.5%), 
Na2MoO4.2H2O (0.242 % or 10 mM) and Na2HPO4 (0.071% or 
5 mM) [28].  
 

The agar plates were taken out after being kept at room 
temperature for 24 hours. The colony with the most intense blue 
color was separated and then streaked several times on low 
phosphate media (LPM) to get a pure culture. A 250 mL shake 
flask culture with 100 mL of the media stated above was utilized 
for liquid at room temperature for 48 hours on an orbital shaker 
set to 120 rpm. Although the reduction medium remained 
unchanged, the concentration of phosphate was increased to 100 
mM.  After forming a liquid culture of molybdenum blue (Mo-
blue), we spun 1.0 mL of the solution at 10,000 x g for 10 minutes 
at room temperature to scan its absorption spectra.  From 400 to 
900 nm, we scanned the supernatant using a Shimadzu 1201 UV-
spectrophotometer.  The baseline was fixed using the media. 
 
Morphological, physiological and biochemical 
characterization of the isolated strain 
Using Bergey's Manual of Determinative Bacteriology as a 
guide, we characterized the isolated strain morphologically, 
physiologically, and biochemically [29]. Interpretation of the 
results was carried out via the ABIS online system [30].  
 
Preparation of bacterial resting cells  
Cells were cultured for 48 hours in a 1-liter dish containing High 
Phosphate media (HPM) at room temperature, utilizing an orbital 
shaker set to 150 rpm. The culture was centrifuged at 15,000 x g 
for 10 minutes at room temperature. Twenty milliliters of low 
phosphate media (LPM) devoid of glucose was utilized to 
resuspend the bacterial cell pellets and followed by several 
washings to remove the residual phosphate. The suspension was 
diluted using tegh same medium until its absorbance at 600 nm 
was 1.00. A sterile microplate was utilized in the experiment.  
 

A 180 µL aliquot of the cellular suspension was pipetted 
into each well. Subsequently, 20 µL of sterile glucose, achieving 
a final concentration of 1% (w/v), is introduced to each well to 
initiate the formation of Mo-blue. The Corning® microplate’ 
sterile sealing membrane facilitating gas exchange, was utilized 
to seal the microtiter plate. The microplate was subsequently 
incubated at room temperature. Absorbance at 750 nm was 
quantified using a BioRad Microtiter Plate reader (Model No. 
680) at specified intervals. The maximum filter wavelength of the 
microplate unit was 750 nm, and the specific extinction 
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coefficient at this wavelength, measured at 11.69 mM-1.cm-1, was 
utilized to assess the production of Mo-blue from the media in a 
microplate format [31]. Seven heavy metals- arsenic (I), arsenic 
(V), cadmium (II), chromium (VI), copper (II), lead (II), mercury 
(II), silver sourced from commercial salts or MERCK's Atomic 
Absorption Spectrometry standard solutions, were incubated 
with bacterial cells to investigate their impact on molybdenum 
reduction. Bacteria were exposed to varying concentrations of 
heavy metals in a microplate format. The quantification of Mo-
blue production occurred at a wavelength of 750 nm. 
 
Screening of molybdenum reduction and independent 
growth using phenolics  
The study investigated the efficacy of phenolics as electron 
donors in the reduction of molybdenum through a microplate 
experiment as before. This experiment utilized various pehnolic 
compounds such as 2,4-dinitrophenol, 2-chlorophenol, 2-
naphthol, 4-chlorophenol, 4-nonylphenol, benzoate, catechol, p-
hydroxybenzoic acid, pentachlorophenol, phenol, salicylic acid 
as substitutes for glucose in a low phosphate medium. The final 
concentration of these xenobiotics was 200 mg/L in 50 µL, taking 
into account their general toxicity and solubility [32]. Fifty 
microliters of resting cell suspension were combined with 200 
microliters of medium in the wells of the microplates. The Mo-
blue generation was measured at 750 nm following incubation of 
the microplate at room temperature. The microplate format was 
employed to evaluate the capacity of phenolics to promote the 
growth of this bacteria in the absence of molybdenum reduction. 
The media utilized was devoid of molybdate. Xenobiotics 
replaced glucose, achieving a final concentration of 200 mg/L in 
a volume of 50 µL. Fifty microliters of resting cell suspension 
were combined with 200 microliters of medium in the wells of 
the microplates. The components of the Liquid Plant Medium 
(LPM) are as follows: (NH4)2SO4 (0.3%), NaNO3 (0.2%), 
MgSO4·7H2O (0.05%), yeast extract (0.01%), NaCl (0.5%), and 
Na2HPO4 (0.705% or 50 mM). The medium achieved a pH of 
7.0. Bacterial growth was observed at 600 nm following three 
days of incubation at room temperature. 
 
Statistical analysis 
For data analyses, we used Graphpad Prism 10.0 trail version 
from www.graphpad.com. The values include the means plus or 
minus the standard error of at least three separate experiments. A 
statistically significant result is P < 0.05. We used either an 
analysis of variance (ANOVA) with Tukey's post hoc analysis or 
a Student's t-test. 
 
RESULTS AND DISCUSSION 
 
Identification of the phenol-derading and molybdenum 
reducing bacterium 
The bacterium shown a morphology of a flat colony that was 1 to 
2 mm wide. It was a Gram-negative bacterium that was shaped 
like a short rod. We used the ABIS web-based program and 
looked at the results of cultural, morphological, and biochemical 
testing (Table 1) to determine what genus and species of the 
bacterium Costin and Ionut 2015). The software proposed three 
probable bacterial IDs, and Pseudomonas putida had the most 
similarity (81%) and the most accuracy (85%). We tentatively 
named the bacterium as Pseudomonas sp. strain Aft-9 at this 
time. Past studies have reported several bacteria from this genus 
that reduces molybdenum to molybdenum blue [27,33–49]. 
Several Mo-reducing bacterium have been isolated before from 
Pakistani soils [27,50]. 
 
 
 

Table 1. Biochemical tests for Pseudomonas sp. strain Aft-9. 
 
Test/Feature Result Carbohydrate 

Utilization Result 

Bacterial motility Positive L-Arabinose Positive 
Hemolytic activity Positive Citrate Positive 
Growth viability at 4 ºC Negative Fructose Positive 
Growth viability at 41 ºC Positive Glucose Positive 
MacConkey agar tolerance Negative meso-Inositol Negative 
Arginine dihydrolase activity Positive 2-Ketogluconate Positive 
Alkaline phosphatase production Positive Mannose Positive 
Indole formation Negative Mannitol Negative 
Nitrate reduction capability Negative Sorbitol Negative 
Lecithinase activity Negative Sucrose Positive 
Lysine decarboxylation Negative Trehalose Negative 
Ornithine decarboxylation Negative Xylose Negative 
Beta-galactosidase (ONPG) 
activity Negative   

Esculin hydrolysis Negative   

Gelatin hydrolysis Variable (doubtful/ 
inconsistent) 

  

Starch hydrolysis Negative   

Urease activity Positive   

Oxidase activity Positive   

 
 

We use a fast and high-throughput screening (HTS) 
technique using microplate-based assays to speed up the process 
of characterizing enzymes. This smaller format lets you analyze 
several samples at once, which cuts down on the amount of 
reagents needed and the time it takes to process them compared 
to the old shake-flask method. In this way, it makes experiments 
more reproducible, allows for statistical validation, and speeds up 
experimental cycles. Microplate-based HTS has proved notably 
useful for studying the toxicity of chemicals, how fast enzymes 
work, and how chemicals break down in the environment 
[51,52]. 
 

Enterobacter cloacae was the first to show that the use of 
resting bacterial cells may be utilized to reduce molybdenum 
under static conditions [53]. Resting cells have now become a 
basic tool for researching how microbes break down heavy 
metals and harmful chemical compounds because they have 
stable metabolism and a cytoplasmic milieu rich in enzymes. 
Some important instances are the lowering of selenate [54], 
arsenate [55], phenol [56], amides [57], and pentachlorophenol 
[58]. In biocatalysis frameworks, more recent uses include 
detoxifying nitroaromatic and organohalide compounds [59]. 
Resting cell systems are useful not only for studying how 
pollutants change, but also for optimizing bioprocesses and 
characterizing microplastics bioremediation [60]. 
 
Molybdenum absorbance spectrum 
Fig. 2 shows that Mo-blue, a reduced product of Pseudomonas 
sp. strain Aft-9, has an absorption peak in the infra-red range of 
860 to 870 nm, with a median around 865 nm, and a shoulder at 
around 700 nm. The spectra closely resemble those of the 
phosphate determination method's reduced heteropolymolybdate 
(phosphomolybdate) [61]. This unique absorption spectra is 
shown in nearly all Mo-reducing bacteria [28,62–69], which 
implies that most likely a very similar species of reduced 
molybdenum is involved.  
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Fig. 2. Scanning absorption spectrum of Mo-blue from Pseudomonas sp. 
strain Aft-9 at different time intervals. 
 
Effect of pH and temperature on molybdate reduction 
Using Bis-Tris and Tris.Cl buffers (20 mM), Pseudomonas sp. 
strain Aft-9 was cultured at pH levels ranging from 5.5 to 8.0. 
The ideal pH range for reduction, according to ANOVA results 
(Fig. 3), was 6.3 to 6.5. Fig. 4 displays the temperature influence 
throughout a broad temperature range (20 to 60 °C), with an 
optimal temperature between 25 and 30 °C.  
 

 
Fig. 3. The reduction of molybdenum by Pseudomonas sp. strain Aft-9 
as a function of pH. The bacterium's resting cells were cultured in an ideal 
environment for 72 hours in a microtiter plate. The mean ± standard 
deviation (n=3) is visually represented as the error bars. 

 
Fig. 4. The reduction of molybdenum by Pseudomonas sp. strain Aft-9 
as a function of temperature. The bacterium's resting cells were cultured 
in an ideal environment for 72 hours in a microtiter plate. The mean ± 
standard deviation (n=3) is visually represented as the error bars. 
 
 
 

No significant difference (p>0.05) was found among the 
measured values when ANOVA was performed. The synthesis of 
Mo-blue from Pseudomonas sp. strain Aft-9 was significantly 
inhibited by temperatures more than 30 °C.As an enzyme-
mediated process, molybdenum reduction is sensitive to changes 
in temperature and pH, which in turn influence protein folding 
and enzyme activity and hence inhibit molybdenum reduction.  
Pakistan, a semi-tropical country with an average annual 
temperature of 10 to 40 ºC, would provide ideal circumstances 
for bioremediation [70]. Soil bioremediation of molybdenum in 
this and other tropical and semitropical regions may be possible 
with this bacterium. The majority of the reducers shows an 
optimal temperature of between 25 and 37 ºC [28,62,64–68,71–
73] because they originate from tropical soils and, according to 
the one psychrotolerant reducer found in Antarctica, the ideal 
temperature range for promoting reduction is 15 to 20 ºC  [34]. 
Numerous Mo-reducing bacteria have reported an optimal pH 
range that is similar to that shown by Pseudomonas sp. strain Aft-
9 [21,53,62–68,71–73]. Presumably, the formation and stability 
of phosphomolybdate prior to its reduction to Mo-blue are 
significantly impacted by acidic pH.  Therefore, the ideal 
reduction happens when the stability of the substrate and the 
activity of the enzyme are both optimized [74]. 
 
 
Effect of electron donor on molybdate reduction 
When we evaluated several electron donors, glucose turned out 
to be the best substrate for enabling molybdate reduction. 
Fructose and galactose were next best donors, in that order (Fig. 
5). Glucose probably works better since it is very metabolically 
efficient and bacteria can assimilate it quickly. Glucose 
catabolism produces important reducing equivalents like NADH 
and NADPH through essential metabolic pathways like 
glycolysis, the tricarboxylic acid (TCA) cycle, and the electron 
transport chain. Both NADH and NADPH are the main electron 
donors in the reduction of molybdate. Some molybdenum-
reducing bacteria choose sucrose as their main source of carbon, 
whereas others prefer glucose as their main source. This 
difference in carbon source choice shows that it depends on the 
species and strain, and it could be due to changes in how they 
take up carbohydrates, how much metabolic enzymes they make, 
or how their regulatory systems work.  
 

Strains that use glucose better frequently have high rates of 
NAD(P)H production, which makes them better at supporting 
electron transfer pathways that are important for molybdate 
reduction. Fructose and galactose are identical to glucose in 
structure, but they may not be as efficiently metabolized since 
they need extra enzyme conversions before they can reach central 
carbon metabolism. The fact that these sugars don't make NADH 
or NADPH as easily may help explain why they do not assist 
molybdate-reducing activity as much [75]. Also, the availability 
and regulation of sugar-specific transporters and kinases can 
change how quickly these substrates are used in redox 
metabolism. In general, the preference for glucose shows how 
important easily digestible carbon supplies are for bioreduction 
activities. Some strains can thrive on glucose and quickly turn it 
into energy and reducing power. This makes glucose a good 
choice for molybdate reduction studies and also useful for 
biotechnological applications like bioremediation, where 
efficient and cost-effective carbon sources are needed for field-
scale deployment. 
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Fig. 5. Effect of different electron donor sources (1% w/v) on 
molybdenum reduction. The Aft-9 strain of Pseudomonas was cultured 
on a low-phosphate medium that also contained electron donors and 10 
mM molybdate. We optimized the settings for 72 hours to incubate the 
bacterium's resting cells in a microtiter plate. With n = 3, the error bars 
show the mean ± standard deviation. 
 
Molybdate reduction as a function of phosphate and 
molybdate concentrations 
Determination of the best phosphate and molybdate 
concentrations is very important for getting the most 
molybdenum reduction in bacteria. The anion phosphate is an 
important ingredient of the molybdenum blue complex and can 
also stop the process if there is too much of it. Experimental 
results showed that the best phosphate levels for making Mo-blue 
are between 5.0 and 7.5 mM. Then the activity of reduction 
reduces dramatically (Fig. 6). Higher phosphate levels leads to 
inhibitory action is probably caused by the instability of 
phosphomolybdate intermediates, which are important building 
blocks in the Mo-blue production pathway. The 
phsophomolybdate complexe is only stable in slightly acidic 
circumstances, and high phosphate levels may change the 
balance or stop the complexation process, which would the casue 
the synthesis of Mo-blue to cease [74].  
 

At the same time, it is just as important to find the right 
concentration or optimal level of molybdate. This bacterium was 
able to reduce molybdate levels up to 60 mM, however, at this 
concentration, production of Mo-blue was inhibited. The best 
reduction happened in the 15 to 20 mM range (Fig. 7), which is 
also found in other molybdenum-reducing bacterial strains [23]. 
This drop at high molybdate levels shows that the isolate has a 
strong tolerance and metabolic flexibility. This could be because 
it has good detoxifying systems or higher reductase activity.  
 

Being able to remediate high molybdate concentrations has 
big advantage for the environment polluted with high 
concentration of molybdenum. Environmental molybdenum 
contamination can reach levels of up to 2000 ppm (around 20 
mM) in places where it has been contaminated, like mine runoff 
and industrial waste zones [76]. So, a strain that can survive and 
lower molybdenum levels at these levels is a good candidate for 
bioremediation. It might turn hazardous soluble molybdate into 
insoluble Mo-blue, which is easier to remove or immobilize from 
the environment. 
 

It is also interesting to note that the best molybdate levels 
for production of Mo-blue are very different for different 
bacterial strains. This shows that their enzymatic systems and 
regulatory responses are likely to be different. For example, some 
bacteria work well when there are only a few molybdate 

molecules (15–25 mM), whereas others might work well when 
there are more than 50 mM [77]. The differences shown makes it 
important to optimize for each strain while designing 
biotechnological tools for remediation of molybdenum. In 
general, this variability shows how important it is to choose or 
design strains based on the amount of molybdenum in the 
environment and the physical and chemical conditions at the site 
that needs to be cleaned up. 

 

 
 
Fig. 6. The reduction of molybdenum by Pseudomonas sp. strain Aft-9 
as a function of phosphate concentration. The bacterium's resting cells 
were cultured in an ideal environment for 72 hours in a microtiter plate. 
The mean ± standard deviation (n = 3) is shown by the error bars. 
 

 
 
Fig. 7. The reduction of molybdenum by Pseudomonas sp. strain Aft-9 
as a function of the substrate (molybdate) concentration. The bacterium's 
resting cells were cultured in an ideal environment for 72 hours in a 
microtiter plate. The mean ± standard deviation (n = 3) is shown by the 
error bars. 
 
Effect of heavy metals 
The existence of several hazardous metal ions on polluted sites 
has a big effect on how well bacterial systems can reduce 
molybdenum. These metal ions are typical environmental co-
contaminants in polluted soils and industrial effluents. In this 
study, mercury (Hg²⁺), silver (Ag⁺), copper (Cu²⁺), and chromium 
(Cr⁶⁺) at 2 ppm caused a strong inhibition of Mo-blue production 
by 78.9%, 69.2%, 59.5%, and 40.1%, respectively (Fig. 8). This 
amount of inhibition shows how hard it is to use molybdenum-
reducing bacteria in real-world bioremediation situations, where 
the activity of the bacteria may be significantly affected by the 
toxic combination of several heavy metals. The presence of these 
cationic metals can disrupt bacterial metabolism by messing with 
important enzyme systems. One of the postulated mechanisms of 
toxicity is the binding of these heavy metals to sulfhydryl (-SH) 
groups in enzymes and proteins. These groups are very important 
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for enzymes to work, and once inhibited, the enzyme will stop 
working. This is especially true for oxidoreductases, where it is 
postulate that molybdate converiuson into the Mo-blue form is 
catalyzed by enzymes from this class. Chromate-reducing 
bacteria have also been shown to have similar inhibitory effects 
by metal ions such as mercury and copper. This cross-inhibition 
between molybdenum and chromate systems, which have similar 
chemical features, shows how easily bacterial detoxification 
pathways can be affected by metals [77]. Due to this, it is very 
important to isolate screen and choose bacterial strains that can 
not only reduce molybdenum but also resist a wide range of 
metals.  
 

In places where there are a lot of heavy metals, these strains 
are more likely to keep working while other strains will cease to 
work. Mo-reducing isolates are sensitive to a lot of hazardous 
metal ions (Table 2). This suggests that multi-metal resistance is 
still a problem for bioremediation efforts in the real world. One 
promising way to get around these problems is to utilize chemical 
additives that can bind or precipitate dangerous metal ions in the 
soil. This makes them less available and less harmful to living 
things. These compounds include phosphate, thiosulfate, 
elemental sulfur, calcium carbonate, manganese oxide, and 
magnesium hydroxide [77]. In conjunction to the use of these 
chemicals at the polluted sites, metal-reducing enzymes from 
mcriobes can be active and remediate the target compound or 
metal. This combination chemical-biological method could make 
molybdenum bioremediation work better, especially in places 
with a lot of different types of pollution, such mine tailings, 
industrial sludges, or wastewater treatment areas. 
 

 
 
Fig. 8. How metals affect Pseudomonas sp. strain Aft-9's ability to 
produce Mo-blue. The bacterium's resting cells were cultured in an ideal 
environment for 72 hours in a microtiter plate. The mean ± standard 
deviation (n = 3) is shown by the error bars. 
 
Table 2. Inhibition of Mo-reducing bacteria by heavy metals 
 

 
 
 
 
 

Phenolics as electron donor sources for molybdenum 
reduction and independent growth 
Under the conditions tested, screening for phenolic compounds 
as electron donors to help reduce molybdate did not work (data 
not shown). But when the bacteria was grown without molybdate, 
it could use phenol, benzoate, 2-naphthol, and catechol as the 
carbon sources, which helped it grow well (Fig. 9). This 
observation demonstrates that the strain can break down and use 
aromatic chemicals, which suggests that it has important 
metabolic enzymes like phenol hydroxylase, catechol 
dioxygenase, and other ring-cleaving enzymes that are necessary 
for phenolic degradation pathways. 
 

From a bioremediation point of view, bacteria that is able to 
break down phenolic compounds is very useful because phenol 
and phenolic compounds are frequent industrial pollutants that 
can be found in wastewater from the petrochemical, 
pharmaceutical, dye, and resin sectors [78]. By employing 
microbial systems to get rid of them is not only cheaper, but it's 
also better for the environment than employing chemicals. 
Researchers have been isolating novel phenol-degrading bacteria 
for a long time because they can use a wide range of enzymes and 
thrive quickly in polluted areas with a variety of coprocess 
advantages such as metal, temperature or salinity tolerance 
[47,79–94]. 
 

Most bacteria can either break down organic pollutants or 
biotransform heavy metals, but not both. The fact that this strain 
can break down phenol and reduce molybdate at the same time 
makes it a strong option for bioremediation in places that are 
polluted with both phenolic chemicals and heavy metals. It is 
known that in the real world, polluted areas almost never only 
have one type of pollutant. Sites that have been affected by 
mining or industrial discharge frequently have a lot of different 
organic and inorganic poisons mixed together. So, bacterial 
strains that can break down and detoxify in more than one way 
are better because they don't need as many microbial consortia or 
treatment procedures. Using these kinds of strains can make the 
cleanup process easier, more effective, and less expensive, which 
makes them very useful for both industrial and environmental 
purposes. 
 

 
Fig. 9. The Aft-9 strain of Pseudomonas sp. grows on xenobiotics without 
reducing molybdenum levels. The bacterium's resting cells were cultured 
in an ideal environment for 72 hours in a microtiter plate. The mean ± 
standard deviation (n = 3) is shown by the error bars. 
 
CONCLUSION 
 
We have discovered a new type of Mo-reducing bacterium that 
can biodegrade phenol, benzoate, 2-napthol, and catechol. This 
bacterium is native to Pakistan. At a wide range of pH and 
temperatures, the bacterium reduces molybdate to Mo-blue 
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optimally. When it came to facilitating molybdate reduction, 
glucose was the superior electron donor. A phosphate 
concentration of no more than 7.5 mM is one of the additional 
prerequisites. The Mo-blue's absorption spectra are comparable 
to those of earlier Mo-reducing bacteria and, more specifically, 
to those of a reduced phosphomolybdate, suggesting the presence 
of a related phosphomolybdate species. Metal ions were toxic 
and prevented molybdenum reduction. This bacterium is a 
valuable asset for bioremediation due to its highly desirable 
ability to detoxify numerous toxicants. Purifying the 
molybdenum-reducing enzyme from this bacterium is currently 
in progress, along with further characterization of phenolics 
biodegradation studies, which will include studies of growth 
kinetics and confirmation of degradation through 
spectrophotometric or HPLC assays. 
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