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INTRODUCTION 
 
Industrial and mining activities, improper disposal, and excessive 
use of agricultural chemicals have resulted in the pollution of the 
environment. Removing these toxic pollutants through 
bioremediation in the long run is a less costly approach. This is 
especially so at low concentrations of pollutants where other 
strategies for example physical or chemical methods may not be 
effective. Organophosphorus (OP) compounds are parts of 
pesticides that have garner global attention due their applications 
as pesticides and chemical weapons making them extremely 
hazardous in properties and becoming significant pollutants. 
These kinds of pesticides are necessary for the majority of 
agriculture-developing plans.  
 

The comprehensive utilization or mistreatment of OP 
compounds in numerous ways has ended in quite a few 
unwelcome consequences which include toxicity to mankind and 
polluting the environment. It is estimated by the World Health 
Organization that exposure to OPs resulting in roughly 220,000 
deaths and three million cases of severe poisoning globally [1]. 

Coumaphos [O-(3-chloro-4-methyl-2-oxo-2H-1-benzopyran-7-
yl) O,O-diethylphosphorothioate] has a broad spectrum of 
application for crops and animal protection, but its main uses is 
to control a number of arthropod pest in animals. 
 

 
Fig. 1. Chemical structure of coumaphos. 
 

Molybdenum is probably the crucial heavy metals that are 
essential at trace amount and is also dangerous to a selection of 
organisms at enhanced quantities. It has quite a few uses in 
industrial sectors which include as engine anti-freeze component, 
alloying agent, corrosion resistant steel and as molybdenum 
disulphide-based lubricant. The vast use of molybdenum in 
industry has ended in a number of water pollution instances all 
across the globe which include the Tyrol in Austria, Tokyo Bay 
and the Black Sea [2]. In organisms such as catfish and mice, 
molybdenum inhibits reproductive process including inhibiting 
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 ABSTRACT 
The inappropriate removal, manufacturing and prospecting actions and unnecessary use of 
agricultural chemical compounds have triggered an international issue. Eliminating these kinds 
of contaminants by means of bioremediation is a less expensive approach in the long term notably 
at low concentrations, in which various other approaches for instance physical or chemical 
approaches is probably not useful. In this work we screen the ability of a molybdenum-reducing 
bacterium isolated from polluted soil to make use of pesticides as electron donor sources for 
assisting reduction and as carbon sources for growth. The bacterium was not able to use pesticides 
as electron donors, nonetheless, the bacterium can grow on coumaphos separate from 
molybdenum reduction. Optimum conditions for Mo-blue production were at pH 6.3 and between 
25 and 37 oC, glucose as electron donor, phosphate at 5.0 mM and sodium molybdate between 
15 and 20 mM. Reduction was inhibited by Hg, Ag and Cr at 2 ppm by 91.9, 82.7 and 17.4 %, 
respectively. Biochemical analysis tentatively and partially identified the bacterium as Bacillus 
sp. strain Neni-12. This is a novel Mo-reducing bacterium with coumaphos degrading capability. 
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spermatogenesis and arresting embryogenesis [3,4]. Classically, 
molybdenum is very toxic to ruminants especially cows at low 
levels of concentration [5,6].  
 

At low concentrations bioremediations of heavy metals can 
be an economical approach compared to physicochemical 
approaches [7]. The biotransformation of heavy metals coupled 
with the degradation of xenobioticis an important emerging 
bioremediation tools and has garnered numerous interests 
globally [8–21]. Here, a novel molybdenum-reducing bacterium 
has been isolated from an agricultural soil with the capacity to 
grow on the pesticide coumaphos. 
 
MATERIALS AND METHODS 
 
Molybdenum-reducing bacterium isolation and maintenance 
Soil samples were taken in Bukittingi, the province of West 
Sumatera, Indonesia in January 2009. Soils were taken about 5 
cm deep from the topsoil. Screening and isolation works were 
carried out on a solid low phosphate agar medium (pH 6.5), at 
room temperature and incubated for 48 h. The composition (w/v) 
of the media is as follows: yeast extract (0.5%), Na2MoO4.2H2O 
(0.242 % or 10 mM), glucose (1%), NaCl (0.5%), (NH4)2.SO4 
(0.3%), MgSO4.7H2O (0.05%), and Na2HPO4 (0.071% or 5 mM). 
Solid medium was prepared by adding agar (1.5%) [22]. This is 
low phosphate molybdenum or LPM media. Blue colonies 
indicate molybdenum has been reduced to molybdenum blue. 
The blue colonies were repeatedly streaked on agar to purify the 
Mo-reducing bacterium. LPM liquid culture was utilized to 
characterize the Mo-reducer. To obtain the scanned spectrum of 
the resultant Mo-blue, 1 mL of the blue supernatant was 
centrifuged at 10,000 x g for 10 min and scanned from 400 to 900 
nm (UV-spectrophotometer, Shimadzu 1201). The Bergey’s 
Manual of Determinative Bacteriology [23], Identification of the 
bacterium was carried out utilizing biochemical and phenotypical 
methods and the results plugged into the ABIS online system 
software [24] as before [25]. 
 
Bacterial resting cells preparation  
Characterization of molybdenum reduction such as molybdate, 
carbon sources, phosphate, effect of pH, heavy metals and 
temperature was carried out using resting cells preparation as 
before [25,26].  Briefly, 1 L of cells were first grown in high 
phosphate molybdate media or HPM at room temperature at 120 
rpm on an orbital shaker (Yihder, Taiwan) fro 48 h. Cells were 
centrifuged (15,000 x g) at 4 oC for 10 minutes. The pellets were 
first rinsed with deionized water and resuspended in 20 mL of 
LPM with glucose not included. 180 µL aliquot of the resting 
cells was sterically transferred to a sterile microplate. Glucose or 
other carbon sources (20 µL) were then added to the final 
concentration of 1.0 % (w/v). Readings at 750 nm was 
periodically after the microplates were sealed and incubated for 
48 h at room temperature. The effects of several heavy metals 
were also studied using metal ion solutions from Atomic 
Absorption Spectrometry standards.  
 
Pesticides as carbon sources for bacterial growth 
As the soil sample came from an agricultural land with a history 
of pesticides application, the Mo-reducing bacterium was tested 
for its ability to grow on the pesticide’s atrazine, paraquat, 
diuron, imidacloprid, carbaryl, glyphosate, coumaphos, 
endosulfan, flucythrinate, diazinon, metolachlor, carbofuran, 
parathion, dicamba, and simazine. These pesticides were tested 
for their ability to support growth as preliminary works showed 
that none of the pesticides was able to support molybdenum 
reduction. Glucose was replaced with the pesticides at the final 
concentration of 200 mg/L. Atrazine, diazinon, endosulfan, 

flucythrinate, diuron, coumaphos, parathion and simazine were 
dissolved in the carrier solvent methanol in a minimal volume 
and added to the HPM media. The growth media omitted 
molybdenum, as this element might have a detrimental effect to 
growth on xenobiotics. The microplate was incubated for ten 
days at room temperature. Bacterial growth was monitored at 600 
nm. Growth of the bacterium on the pesticide was modelled 
according to the modified Gompertz model [27]. 
 
RESULTS AND DISCUSSIONS 
 
Molybdenum reduction to molybdenum blue by microorganisms 
is first reported more than a century ago in 1896 in E. coli [28]. 
The soluble molybdenum in the form of sodium molybdate is 
reduced to the colloidal molybdenum blue, which is relatively 
insoluble and forms an opportunity for the reduced product to eb 
removed from aqueous solution. Since then, plentiful of Mo-
reducing bacteria have been reported (Table 1), including an 
Antarctic psychrophilic Mo-reducing bacterium. Resting cells 
utilization in a microtiter plate format allow more 
characterization to be made [25,26,29]. Although the resting cells 
or whole cells has been utilized in optimizing molybdate 
reduction in the bacterium Enterobacter cloacae strain 48 [30]. 
Several bacterial characterizations work such as in selenate [31], 
chromate [32] and vanadate [33] reductions also utilize resting 
cells. Furthermore, biodegradation of xenobiotics for example 
SDS [34] and diesel [35] also takes advantage of resting cells. 
The use of resting cells bypasses the initial stage of the growth 
process that is normally affected by toxic xenobiotics. 
 

Table 1. Characterization of Mo-reducing bacteria isolated to date. 
 

Bacteria Optimal C 
source 

Optimal 
Molybdate 

(mM) 

Optimal 
Phosphate 

(mM) 

Heavy metals 
inhibition 

Author 

Klebsiella oxytoca 
strain Aft-7 

glucose 5-20 5-7.5 Cu2+, Ag+, Hg2+ [25] 

Bacillus pumilus 
strain lbna 

glucose 40 2.5-5 As3+, Pb2+, Zn2+, 
Cd2+, Cr6+, Hg2+, 

Cu2+ 

[36] 

Bacillus sp. strain 
A.rzi 

glucose 50 4 Cd2+, Cr6+, 
Cu2+,Ag+, Pb2+, 
Hg2+, Co2+,Zn2+  

[37] 

Serratia sp. strain 
Dr.Y8 

sucrose 50 5 Cr, Cu, Ag, Hg [38] 

S. marcescens strain 
Dr.Y9 

sucrose 20 5 Cr6+, Cu2+, Ag+, 
Hg2+ 

[22] 

Serratia sp. strain 
Dr.Y5 

glucose 30 5 n.a. [39] 

Pseudomonas sp. 
strain DRY2 

glucose 15-20 5 Cr6+, Cu2+, Pb2+, 
Hg2+ 

[40] 

Pseudomonas sp. 
strain DRY1 

glucose 30-50 5 Cd2+, Cr6+, 
Cu2+,Ag+, Pb2+, 

Hg2+ 

[41] 

Enterobacter sp. 
strain Dr.Y13 

glucose 25-50 5 Cr6+, Cd2+, Cu2+, 
Ag+, Hg2+ 

[42] 

Acinetobacter 
calcoaceticus strain 
Dr.Y12 

glucose 20 5 Cd2+, Cr6+, Cu2+, 
Pb2+, Hg2+ 

[43] 

Serratia marcescens 
strain DRY6 

sucrose 15-25 5 Cr6+, Cu2+, Hg2+ [44] 
 

Enterobacter 
cloacae strain 48 

sucrose 20 2.9 Cr6+, Cu2+ [30] 

Escherichia coli K12 glucose 80 5 Cr6+ [45] 
Klebsiella oxytoca 
strain hkeem 

fructose 80 4.5 Cu2+, Ag+, Hg2+ [46] 

Morganella sp. glucose 40 3.5 n.a. . [47] 
Enterobacter 
cloacae 

glucose 80 -100 5 - 7.5 n.a. [48] 

Pantoea sp. strain 
HMY-P4 

glucose 20 - 40  5  [49] 

Pseudomonas sp.  glucose 40-60 3.5  [50] 
Serratia sp. strain 
HMY1 

sucrose/cya
nide 

55 3.95 n.a. [51] 

Raoultella 
ornithinolytica strain 
Mo1 and Raoultella 
planticola strain MoI 

glucose 20 3.9 n.a. [52] 
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Identification of molybdenum reducing bacterium 
The bacterium was motile, a rod-shaped Gram-positive 
bacterium. Based on the Bergey’s Manual of Determinative 
Bacteriology (Table 2) and the ABIS online software the 
bacterium was tentatively identified as Bacillus sp. strain Neni-
12 in honor of the late Dr. Neni Gusmanizar. 
 
Table 2. Biochemical tests for Bacillus sp. strain Neni-12. 
 

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

 
Note: + positive result, − negative result, d indeterminate result 
 
Several Mo-reducing bacteria from the Bacillus genus have been 
isolated and include bacteria such as Bacillus sp. strain A.rzi [37] 
and Bacillus pumilus strain lbna [36].  
 
Molybdenum absorbance spectrum 
When scanned from 400 to 900 nm, the absorption spectrum of the Mo-
blue exhibited a shoulder at approximately 700 nm and a maximum 
peak at 865 nm (Fig. 2) which is similar to many other Mo-reducing 
bacteria isolated to date, and generally indicating that a 
phosphomolybdate is involved as an intermediate. 
 
 

 
Fig. 2. Scanning absorption spectrum of Mo-blue from Bacillus sp. strain 
Neni-12 at different time intervals. 
 
 
 
 
 

 
Effect of pH and temperature on molybdate reduction 
Bacillus sp. strain Neni-12 was incubated at different pHs and 
temperatures and analysis by ANOVA showed that the optimum 
pH for reduction was at 6.3 (Fig. 3) and from 25 °C to 37 °C (Fig. 
4). 

 
Fig. 3.  Optimization of pH by Bacillus sp. strain Neni-12. Error bars 
represent mean ± standard deviation (n=3).  
 

 
 
Fig. 4.  Optimization of temperature by Bacillus sp. strain Neni-12. Error 
bars represent mean ± standard deviation (n=3).  
 
The majority of molybdenum reducers shows an optimal 
temperature of between 25 and 37 ºC (Table 1). The only 
psychrotolerant Mo-reducing bacterium came from Antartic soil 
with temperature optimum between 15 and 20 ºC [41]. An 
important observation is the optimal pH reduction is slightly 
acidic (Table 1) since reduction needs an acidic pH as the 
important intermediate; phosphomolybdate’s formation and its 
stability require and an acidic condition [53]. 
 
Effect of electron donor on molybdate reduction 
Glucose at the optimal concentration of 1% (w/v) was the best 
electron donor followed by sucrose, fructose, mannitol, raffinose, 
d-mannose, trehalose, d-xylose and glycerol in descending order 
(Fig. 5). Other carbon sources did not support molybdenum 
reduction. The electron donating substrates; NADH and NADPH 
are the products of the basic metabolic pathways and these 
substrates are the substrates for the molybdenum reducing-
enzyme [54,55].  
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Fig. 5. Optimization of carbon sources by Bacillus sp. strain Neni-12. 
Error bars represent mean ± standard deviation (n=3).  
 
Effect of phosphate and molybdate concentrations to 
molybdate reduction 
The optimum concentration of phosphate supporting the 
reduction of sodium molybdate occurred at 5 mM with higher 
concentrations were strongly inhibitory to reduction (Fig. 6). 
High phosphate concentration destabilizes the 
phosphomolybdate complex and this is likely the reason for the 
diminishing reduction at high phosphate concentrations [56–58]. 
Studies The bacterium was able to reduce molybdenum as high 
as 60 mM at a cost of diminishing Mo-blue production.  
 

The optimal concentration was between 15 and 20 mM (Fig. 
7). Numerous metal anion reduction can tolerate high 
concentrations of anionic metal evident in the reduction of 
selenate [31] and vanadate [59] of which concentrations as high 
as 60 mM can be tolerated due to the comparatively nontoxic 
characteristics of nonionic metal ions compared to cationic metal 
ions like Hg, Ag or Pb. The only exception is chromate where 
this metal anion is very toxic compared to other anions mentioned 
above. 

 

 
 
Fig. 6. Optimization of phosphate concentration by Bacillus sp. strain 
Neni-12. Error bars represent mean ± standard deviation (n=3).  
 
 
 
 
 
 

 
 
 
 
 

 
Fig. 7. Optimization of molybdate concentration by Bacillus sp. strain 
Neni-12. Error bars represent mean ± standard deviation (n=3).  
 
Effect of heavy metals 
Molybdenum reduction was inhibited by Hg, Ag and Cr at 2 ppm 
by 91.9, 82.7 and 17.4 %, respectively (Fig. 8). Cationic metal 
ions inhibition by anionic metal ions is a major issue in the 
bioremediation of anionic metal ions through bioreduction. 
Almost all of the molybdenum reducers are inhibited by cationic 
heavy metals especially mercury (Table 1). Cationic heavy 
metals target sulfhydryl group of enzymes [60]. Even the anionic 
chromate, if present together with molybdenum, will form a 
problem since chromate is a very toxic anionic metal ions and is 
known to inhibit glucose oxidase [61]. 
 
 

 
 
Fig. 8. Effect of metal ions to Bacillus sp. strain Neni-12 reduction of 
molybdate. Error bars represent mean ± standard deviation (n=3).  
 
Pesticides as electron donors for molybdenum reduction and 
independent growth 
The ability of the pesticides to support growth showed that the 
bacterium can grow on coumaphos (Fig. 9). Bacteria that have 
been reported to degrade coumaphos are few, and include 
Flavobacterium sp. [62], a microbial consortium [63], 
Pseudomonas monteilli [64] and Nocardiodes simplex [65].  
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The inclusion of great number of microorganisms with pesticide-
degrading potential tends to make bioremediation the greater 
suitable solution to pesticide degradation. On the other hand, 
hardly any bacteria have already been stated to be capable of 
breaking down xenobiotics and detoxify heavy metals at the same 
time, and the potential of this bacterium to accomplish the two 
suggest that this bacterium can be very beneficial as a 
bioremediation agent in contaminated sites co-contaminated with 
xenobiotics and cationic heavy metals.  
 

 
Fig. 9. Effect of various pesticides as growth substrate to Bacillus sp. 
strain Neni-12. Error bars represent mean ± standard deviation (n=3).  
 
CONCLUSION 
 
A novel Mo-reducing bacterium tentatively identified as Bacillus 
sp. strain Neni-12 that can grow on the pesticide coumaphos as a 
source of carbon is reported. Molybdenum reduction to 
molybdenum blue by the bacterium is optimally supported at pH 
6.3, at temperatures between 25 and 37 oC, 1% (w/v) glucose, 
phosphate concentration of 5.0 mM and sodium molybdate 
concentrations between 15 and 20 mM. The absorption spectrum 
resembles a reduced phosphomolybdate. Reduction was inhibited 
by the cationic metal ions; Hg, Ag and the anionic metal Cr at 2 
ppm by 91.9, 82.7 and 17.4 %, respectively. As hardly any 
bacteria are capable of breaking down xenobiotics and detoxify 
heavy metals at the same time, the potential of this bacterium to 
accomplish the two suggest that this bacterium can be very 
beneficial as a bioremediation agent in contaminated sites co-
contaminated with xenobiotics and cationic heavy metals. 
Currently, work is underway to characterize the pesticide-
degrading ability and to partially and characterize the bacterial’s 
molybdenum-reducing enzyme. 
 
REFERENCE 
 
1.  Mansee AH, Chen W, Mulchandani A. Detoxification of the 

organophosphate nerve agent coumaphos using organophosphorus 
hydrolase immobilized on cellulose materials. J Ind Microbiol 
Biotechnol. 2005;32(11–12):554–60.  

2.  Neunhäuserer C, Berreck M, Insam H. Remediation of soils 
contaminated with molybdenum using soil amendments and 
phytoremediation. Water Air Soil Pollut. 2001;128(1–2):85–96.  

3.  Yamaguchi S, Miura C, Ito A, Agusa T, Iwata H, Tanabe S, et al. 
Effects of lead, molybdenum, rubidium, arsenic and 
organochlorines on spermatogenesis in fish: Monitoring at Mekong 
Delta area and in vitro experiment. Aquat Toxicol. 2007;83(1):43–
51.  

4.  Zhang Y-L, Liu F-J, Chen X-L, Zhang Z-Q, Shu R-Z, Yu X-L, et 
al. Dual effects of molybdenum on mouse oocyte quality and 
ovarian oxidative stress. Syst Biol Reprod Med. 2013;59(6):312–8.  

5.  Underwood EJ. Environmental sources of heavy metals and their 
toxicity to man and animals. 1979;11(4–5):33–45.  

6.  Kincaid RL. Toxicity of ammonium molybdate added to drinking 
water of calves. J Dairy Sci. 1980;63(4):608–10.  

7.  Lim KT, Shukor MY, Wasoh H. Physical, chemical, and biological 
methods for the removal of arsenic compounds. BioMed Res Int. 
2014;2014.  

8.  Chaudhari AU, Tapase SR, Markad VL, Kodam KM. Simultaneous 
decolorization of reactive Orange M2R dye and reduction of 
chromate by Lysinibacillus sp. KMK-A. J Hazard Mater. 
2013;262:580–8.  

9.  Bhattacharya A, Gupta A, Kaur A, Malik D. Efficacy of 
Acinetobacter sp. B9 for simultaneous removal of phenol and 
hexavalent chromium from co-contaminated system. Appl 
Microbiol Biotechnol. 2014;98(23):9829–41.  

10.  Huang G, Wang W, Liu G. Simultaneous chromate reduction and 
azo dye decolourization by Lactobacillus paracase CL1107 
isolated from deep sea sediment. J Environ Manage. 2015 Jul 
1;157:297–302.  

11.  Ontañon OM, González PS, Agostini E. Biochemical and molecular 
mechanisms involved in simultaneous phenol and Cr(VI) removal 
by Acinetobacter guillouiae SFC 500-1A. Environ Sci Pollut Res. 
2015;22(17):13014–23.  

12.  Sniegowski K, Springael D. Establishment of multiple pesticide 
biodegradation capacities from pesticide-primed materials in on-
farm biopurification system microcosms treating complex 
pesticide-contaminated wastewater. Pest Manag Sci. 
2015;71(7):986–95.  

13.  Lin J, Sharma V, Milase R, Mbhense N. Simultaneous enhancement 
of phenolic compound degradations by Acinetobacter strain V2 via 
a step-wise continuous acclimation process. J Basic Microbiol. 
2016;56(6):627–34.  

14.  Nguyen ML, Huang C, Juang R-S. Synergistic biosorption between 
phenol and nickel(II) from Binary mixtures on chemically and 
biologically modified chitosan beads. Chem Eng J. 2016 Feb 
15;286:68–75.  

15.  Singh N, Balomajumder C. Simultaneous removal of phenol and 
cyanide from aqueous solution by adsorption onto surface modified 
activated carbon prepared from coconut shell. J Water Process Eng. 
2016;9:233–45.  

16.  Singh N, Agarwal B, Balomajumder C. Simultaneous treatment of 
phenol and cyanide containing aqueous solution by adsorption, 
biotreatment and simultaneous adsorption and biotreatment (SAB) 
process. J Environ Chem Eng. 2016;4(1):564–75.  

17.  Abass OK, Zhuo M, Zhang K. Concomitant degradation of complex 
organics and metals recovery from fracking wastewater: Roles of 
nano zerovalent iron initiated oxidation and adsorption. Chem Eng 
J. 2017;328:159–71.  

18.  Yu L, Cao M, Wang P, Wang S, Yue Y, Yuan W, et al. 
Simultaneous decolorization and biohydrogen production from 
xylose by Klebsiella oxytoca GS-4-08 in the presence of azo dyes 
with sulfonate and carboxyl groups. Appl Environ Microbiol. 2017 
May 15;83(10):e00508-17.  

19.  Zheng Y, Chen D, Li N, Xu Q, Li H, He J, et al. Highly efficient 
simultaneous adsorption and biodegradation of a highly-
concentrated anionic dye by a high-surface-area carbon-based 
biocomposite. Chemosphere. 2017;179:139–47.  

20.  Manogaran M, Ahmad SA, Yasid NA, Yakasai HM, Shukor MY. 
Characterisation of the simultaneous molybdenum reduction and 
glyphosate degradation by Burkholderia vietnamiensis AQ5-12 and 
Burkholderia sp. AQ5-13. 3 Biotech. 2018 Feb 7;8(2):117.  

21.  Qin Q, Wu X, Chen L, Jiang Z, Xu Y. Simultaneous removal of 
tetracycline and Cu(II) by adsorption and coadsorption using 
oxidized activated carbon. RSC Adv. 2018;8(4):1744–52.  

22.  Yunus SM, Hamim HM, Anas OM, Aripin SN, Arif SM. Mo (VI) 
reduction to molybdenum blue by Serratia marcescens strain Dr. 
Y9. Pol J Microbiol. 2009;58(2):141–7.  

23.  Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST. Bergey’s 
Manual of Determinative Bacteriology. 9th ed. 428 East Preston 
Street, Baltimore, Maryland 21202, USA: Lippincott Williams & 
Wilkins; 1994.  

24.  Costin S, Ionut S. ABIS online - bacterial identification software, 
http://www.tgw1916.net/bacteria_logare.html, database version: 
Bacillus 022012-2.10, accessed on Mar 2015. 2015.  

25.  Masdor N, Abd Shukor MS, Khan A, Bin Halmi MIE, Abdullah 
SRS, Shamaan NA, et al. Isolation and characterization of a 
molybdenum-reducing and SDS- degrading Klebsiella oxytoca 



JEMAT, 2019, Vol 7, No 2, 20-25 
 

- 25 - 
 

strain Aft-7 and its bioremediation application in the environment. 
Biodiversitas. 2015;16(2):238–46.  

26.  Shukor MS, Shukor MY. A microplate format for characterizing the 
growth of molybdenum-reducing bacteria. J Environ Microbiol 
Toxicol. 2014;2(2):42–4.  

27.  Shukor MS, Shukor MY. Modelling the growth of Moraxella sp. B 
on monobromoacetic acid (MBA). Bull Environ Sci Manag. 
2015;3(1):1–6.  

28.  Capaldi A, Proskauer B. Beiträge zur Kenntniss der Säurebildung 
bei Typhus-bacillen und Bacterium coli - Eine differential-
diagnostische Studie. Z Für Hyg Infect. 1896;23(3):452–74.  

29.  Iyamu EW, Asakura T, Woods GM. A colorimetric microplate 
assay method for high-throughput analysis of arginase activity in 
vitro. Anal Biochem. 2008;383(2):332–4.  

30.  Ghani B, Takai M, Hisham NZ, Kishimoto N, Ismail AKM, Tano 
T, et al. Isolation and characterization of a Mo6+-reducing 
bacterium. Appl Environ Microbiol. 1993;59(4):1176–80.  

31.  Losi ME, Frankenberger Jr. WT. Reduction of selenium oxyanions 
by Enterobacter cloacae strain SLD1a-1: Reduction of selenate to 
selenite. Environ Toxicol Chem. 1997;16(9):1851–8.  

32.  Llovera S, Bonet R, Simon-Pujol MD, Congregado F. Chromate 
reduction by resting cells of Agrobacterium radiobacter EPS-916. 
Appl Environ Microbiol. 1993;59(10):3516–8.  

33.  Carpentier W, Smet LD, Beeumen JV, Brigé A. Respiration and 
growth of Shewanella oneidensis MR-1 using vanadate as the sole 
electron acceptor. J Bacteriol. 2005;187(10):3293–301.  

34.  Chaturvedi V, Kumar A. Diversity of culturable sodium dodecyl 
sulfate (SDS) degrading bacteria isolated from detergent 
contaminated ponds situated in Varanasi city, India. Int Biodeterior 
Biodegrad. 2011;65(7):961–71.  

35.  Auffret MD, Yergeau E, Labbé D, Fayolle-Guichard F, Greer CW. 
Importance of Rhodococcus strains in a bacterial consortium 
degrading a mixture of hydrocarbons, gasoline, and diesel oil 
additives revealed by metatranscriptomic analysis. Appl Microbiol 
Biotechnol. 2015;99(5):2419–30.  

36.  Abo-Shakeer LKA, Ahmad SA, Shukor MY, Shamaan NA, Syed 
MA. Isolation and characterization of a molybdenum-reducing 
Bacillus pumilus strain lbna. J Environ Microbiol Toxicol. 
2013;1(1):9–14.  

37.  Othman AR, Bakar NA, Halmi MIE, Johari WLW, Ahmad SA, 
Jirangon H, et al. Kinetics of molybdenum reduction to 
molybdenum blue by Bacillus sp. strain A.rzi. BioMed Res Int. 
2013;2013:Article number 371058.  

38.  Shukor MY, Rahman MF, Suhaili Z, Shamaan NA, Syed MA. 
Bacterial reduction of hexavalent molybdenum to molybdenum 
blue. World J Microbiol Biotechnol. 2009;25(7):1225–34.  

39.  Rahman MFA, Shukor MY, Suhaili Z, Mustafa S, Shamaan NA, 
Syed MA. Reduction of Mo(VI) by the bacterium Serratia sp. strain 
DRY5. J Environ Biol. 2009;30(1):65–72.  

40.  Shukor MY, Ahmad SA, Nadzir MMM, Abdullah MP, Shamaan 
NA, Syed MA. Molybdate reduction by Pseudomonas sp. strain 
DRY2. J Appl Microbiol. 2010;108(6):2050–8.  

41.  Ahmad SA, Shukor MY, Shamaan NA, Mac Cormack WP, Syed 
MA. Molybdate reduction to molybdenum blue by an Antarctic 
bacterium. BioMed Res Int. 2013;2013.  

42.  Shukor MY, Rahman MF, Shamaan NA, Syed MS. Reduction of 
molybdate to molybdenum blue by Enterobacter sp. strain Dr.Y13. 
J Basic Microbiol. 2009;49(SUPPL. 1):S43–54.  

43.  Shukor MY, Rahman MF, Suhaili Z, Shamaan NA, Syed MA. 
Hexavalent molybdenum reduction to Mo-blue by Acinetobacter 
calcoaceticus. Folia Microbiol (Praha). 2010;55(2):137–43.  

44.  Shukor MY, Habib SHM, Rahman MFA, Jirangon H, Abdullah 
MPA, Shamaan NA, et al. Hexavalent molybdenum reduction to 
molybdenum blue by S. marcescens strain Dr. Y6. Appl Biochem 
Biotechnol. 2008;149(1):33–43.  

45.  Campbell AM, Del Campillo-Campbell A, Villaret DB. Molybdate 
reduction by Escherichia coli K-12 and its chl mutants. Proc Natl 
Acad Sci U S A. 1985;82(1):227–31.  

46.  Lim HK, Syed MA, Shukor MY. Reduction of molybdate to 
molybdenum blue by Klebsiella sp. strain hkeem. J Basic 
Microbiol. 2012;52(3):296–305.  

47.  Mohammed S, Gafasa MA, Kabara HT, Babandi A, Shehu D, Ya’u 
M, et al. Soluble Molybdenum Reduction by Morganella sp. 
Locally-isolated from Agricultural Land in Kano. Bioremediation 
Sci Technol Res. 2019 Jul 31;7(1):1–7.  

48.  Kabir ZM, Gafasa MA, Kabara HT, Ibrahim SS, Babandi A, M. 
Ya’u, et al. Isolation and Characterization of Molybdate-reducing 
Enterobacter cloacae from Agricultural Soil in Gwale LGA Kano 
State, Nigeria. J Environ Microbiol Toxicol. 2019 Jul 31;7(1):1–6.  

49.  Idris D, Gafasa MA, Ibrahim SS, Babandi A, Shehu D, Ya’u M, et 
al. Pantoea sp. strain HMY-P4 Reduced Toxic Hexavalent 
Molybdenum to Insoluble Molybdenum Blue. J Biochem Microbiol 
Biotechnol. 2019 Jul 31;7(1):31–7.  

50.  Gafasa MA, Ibrahim SS, Babandi A, Abdullahi N, Shehu D, Ya’u 
M, et al. Characterizing the Molybdenum-reducing Properties of 
Pseudomonas sp. locally isolated from Agricultural soil in Kano 
Metropolis Nigeria. Bioremediation Sci Technol Res. 2019 Jul 
31;7(1):34–40.  

51.  Yakasai HM, Karamba KI, Yasid NA, Halmi MIE, Rahman MF, 
Ahmad SA, et al. Response surface-based optimization of a novel 
molybdenum-reducing and cyanide-degrading Serratia sp. Strain 
HMY1. Desalination Water Treat. 2019;145:220–31.  

52.  Saeed AM, Shatoury EE, Hadid R. Production of molybdenum blue 
by two novel molybdate-reducing bacteria belonging to the genus 
Raoultella isolated from Egypt and Iraq. J Appl Microbiol. 
2019;126(6):1722–8.  

53.  Shukor Y, Adam H, Ithnin K, Yunus I, Shamaan NA, Syed A. 
Molybdate reduction to molybdenum blue in microbe proceeds via 
a phosphomolybdate intermediate. 2007;7(8):1448–52.  

54.  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.  

55.  Shukor MY, Halmi MIE, Rahman MFA, Shamaan NA, Syed MA. 
Molybdenum reduction to molybdenum blue in Serratia sp. strain 
DRY5 is catalyzed by a novel molybdenum-reducing enzyme. 
BioMed Res Int. 2014;2014.  

56.  Glenn JL, Crane FL. Studies on metalloflavoproteins. V. The action 
of silicomolybdate in the reduction of cytochrome c by aldehyde 
oxidase. Biochim Biophys Acta. 1956;22(1):111–5.  

57.  Sims RPA. Formation of heteropoly blue by some reduction 
procedures used in the micro-determination of phosphorus. 
1961;86(1026):584–90.  

58.  Shukor MY, Shamaan NA, Syed MA, Lee CH, Karim MIA. 
Characterization and quantification of molybdenum blue 
production in Enterobacter cloacae strain 48 using 12-
molybdophosphate as the reference compound. Asia-Pac J Mol Biol 
Biotechnol. 2000;8(2):167–72.  

59.  Bisconti L, Pepi M, Mangani S, Baldi F. Reduction of vanadate to 
vanadyl by a strain of Saccharomyces cerevisiae. BioMetals. 
1997;10(4):239–46.  

60.  Sugiura Y, Hirayama Y. Structural and electronic effects on 
complex formation of copper(II) and nickel(II) with sulfhydryl-
containing peptides. Inorg Chem. 1976;15(3):679–82.  

61.  Zeng G-M, Tang L, Shen G-L, Huang G-H, Niu C-G. 
Determination of trace chromium (VI) by an inhibition-based 
enzyme biosensor incorporating an electropolymerized aniline 
membrane and ferrocene as electron transfer mediator. Int J Environ 
Anal Chem. 2004;84(10):761–74.  

62.  Sethunathan N, Yoshida T. A Flavobacterium sp. that degrades 
diazinon and parathion. Can J Microbiol. 1973;19(7):873–5.  

63.  Ha J a, Engler CR, Wild JR. Biodegradation of coumaphos, 
chlorferon, and diethylthiophosphate using bacteria immobilized in 
Ca-alginate gel beads. Bioresour Technol. 2009;100(3):1138–42.  

64.  Horne I, Harcourt RL, Sutherland TD, Russell RJ, Oakeshott JG. 
Isolation of a Pseudomonas monteilli strain with a novel 
phosphotriesterase. FEMS Microbiol Lett. 2002;206(1):51–5.  

65.  Mulbry W. Characterization of a novel organophosphorus 
hydrolase from Nocardiodes simplex NRRL B-24074. Microbiol 
Res. 2000;154(4):285–8.  

 
 
 
 
 
 
 
 


	INTRODUCTION
	INTRODUCTION

