ISSN: 0976-3104
REGULAR ISSUE
Mansur et al.
_______________________________________________________________________________________________________

www.iioab.org

RESEARCH

OPEN ACCESS

ISOLATION AND CHARACTERIZATION OF A MOLYBDENUM-REDUCING AND
AMIDE-DEGRADING BURKHOLDERIA SP. STRAIN NENI-11 IN SOILS FROM
WEST SUMATERA, INDONESIA
Rusnam Mansur1*, Neni Gusmanizar2,3, Farrah Aini Dahalan4, Noor Azlina Masdor5, Siti Aqlima
Ahmad2, Mohd. Shukri Shukor6, Muhamad Akhmal Hakim Roslan2, Mohd. Yunus Shukor2
1

Dept of Agricultural Engineering, Faculty of Agricultural Technology, Andalas University, Padang, 25163, INDONESIA
Dept of Biochemistry, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia, UPM 43400
Serdang, Selangor, MALAYSIA
3
Dept of Animal Nutrition, Faculty of Animal Science, Andalas University, Padang, 25163, INDONESIA
4
School of Environmental Engineering, Kompleks Pusat Pengajian Jejawi 3, Universiti Malaysia Perlis, 02600 Arau,
Perlis, MALAYSIA
5
Biotechnology Research Centre, MARDI, P. O. Box 12301, 50774 Kuala Lumpur, MALAYSIA
6
Snoc International Sdn Bhd, Lot 343, Jalan 7/16 Kawasan Perindustrian Nilai 7, Inland Port, 71800, Negeri Sembilan,
MALAYSIA
2

ABSTRACT
Received on: 12th-Oct-2015

A molybdenum-reducing bacterium isolated from contaminated soil was able to utilize acrylamide as the
electron donor source, and was able utilize acrylamide, acetamide and propionamide for growth.
Reduction was optimal at pH between 6.0 to 6.3, at temperatures of between 30 and 37 oC, glucose as
the electron donor, phosphate at 5.0 mM, and sodium molybdate at 15 mM. The absorption spectrum of
the Mo-blue indicates it is a reduced phosphomolybdate. Molybdenum reduction was inhibited by
mercury (ii), silver (i) and chromium (vi) at 2 p.p.m. by 91.9, 82.7 and 17.4 %, respectively. Biochemical
analysis resulted in a tentative identification of the bacterium as Burkholderia cepacia strain Neni-11. The
growth of this bacterium modelled according to the modified Gompertz model. The growth parameters
obtained were maximum specific growth rates of 1.241 d-1, 0.971 d-1, 0.85 d-1 for acrylamide,
propionamide and acetamide, respectively, while the lag periods of 1.372 d, 1.562 and 1.639 d were
observed for acrylamide, propionamide and acetamide, respectively. The ability of this bacterium to
detoxify molybdenum and grown on toxic amides makes this bacterium an important tool for
bioremediation.
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Mining activities are the major source of molybdenum pollution. In Indonesia, copper and gold mining activity
from the copper-gold-molybdenum porphyry deposit in Batu Hijau, Sumbawa has steadily contaminated
surrounding coastal regions. The mine deposits nearly several million tonnes of waste tailings to the sea annually.
This has led to decreased fish population and water quality [1,2]. A similar situation is seen in a molybdenum
mine in western Liaoning China, where the molybdenum mine tailings have polluted the Nver River. The river
water and sediment contain molybdenum at levels far exceeding the statutory limits [3]. In Armenia, numerous
copper-molybdenum mines and a copper-molybdenum metallurgical plant in Alaverdi, the latter operating without
a proper filtration system since 1996 have polluted nearly 300 square kilometres of land [4]. In the Miduk Copper
Complex in Iran, in which molybdenum is a valuable by-product, the complex tailings dam has triggered a high
concentration of molybdenum found in the borehole near a drinking water source. Metal seepage and infiltration
towards the surrounding surface and groundwater from the metal tailings dam is frequently inevitable, causing the
observed pollution [5]. In Malaysia, the Mamut copper mine in Ranau Sabah, produced gold and molybdenum as
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by-products. Episodic ruptures of the pipes carrying metal-rich wastes have caused the contamination of the
surrounding agricultural areas and the Ranau River [6,7].
Substantial nutritional consumption of molybdenum brings about a secondary copper deficit. The symptoms,
mainly documented in ruminants are observed globally. Cattle and sheep are ten times more prone compared to
non-ruminants. The sulfur-rich conditionss in the rumen favour formation of thiomolybdate compounds. As these
compounds chelate copper, the bioavailability of copper diminished and copper deficiency symptoms such as
weight loss, anemia, diarrhea kidney damage, and osteoporosis occur [8]. Spermatogenesis in several organisms is
also negatively affected by molybdenum. Molybdenum supplementation in the fruit fly drosophila severely
disturbed spermatogenesis [9]. Rats are also affected. Molybdenum (ammonium molybdate) supplementation to
the adult male Wistar rats diet leads to histopathological and histomorphometric with a substantial weight
reduction of the testes [10]. Spermatogenesis in the testicular organ culture of the Japanese eel induced by the
compound 11-ketotestosterone (11KT) is also inhibited by a combination of heavy metals including molybdenum.
A synergistic effect of molybdenum was observed in this study [11].
Aside from heavy metals, organic pollutants or manmade chemicals (xenobiotics) such as phenol, acrylamide,
nicotinamide, acetamide, iodoacetamide, propionamide, acetamide, sodium dodecyl sulfate (SDS) and diesel are
major global pollutants [12–14]. Amides such as acrylamide, acetamide and propionamide are produced in the
order of millions of tonnes per year [15]. Acrylamide is chiefly used to synthesize the polymer polyacrylamides
[16]. Acetamide is used as a plasticizer and as an industrial solvent while propionamide is used as an ingredient in
many different organic processes to form other useful compounds. Amongst these amides, acrylamide is very
toxic. The acrylonitrile-acrylamide industries are known sources acrylamide pollution with levels as high as 1 g/L
have been reported [17]. Another non-documented source of acrylamide comes from glyphosate application in
agriculture areas. The formulation of this pesticide uses 20-30% polyacrylamide as a dispersing agent [18], and
this could be a substantial source of acrylamide pollution in soils and run-offs.
Removal of soluble molybdenum through bacterial reduction is a promising bioremediation strategy [19]. In
bacterial reduction of molybdenum to the colloidal molybdenum blue, the Mo-blue aggregates with bacterial
biomass can aid in its removal [20]. Since it was first discovered in 1896, [21] many more Mo-reducing bacteria
have been isolated [19, 22, 23]. Some microbes are able to degrade a variety of xenobiotics including acrylamide
[24] and detoxify heavy metals at the same time including the reduction of chromate coupled with the
biodegradation of phenol [25].
In this work, we successfully isolated a novel molybdenum reducing bacterium showing the capacity to grow on
various amide and nitrile compounds. The novel characteristics of this bacterium will make the bacterium suitable
for the bioremediation of polluted sites having these pollutants in the future.

MATERIALS AND METHODS
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Soil samples were taken (5 cm deep from topsoil) from the grounds of a garbage-contaminated land in the province of Pariaman,
Sumatera, Indonesia in January 2009. Isolation of molybdenum-reducing bacteria utilized a minimal salts media (MSM) with the
phosphate concentration set at 5 mM. The MSM was also supplemented with sodium molybdate at 10 mM. Preparation of soil
bacterial suspension was carried out by adding soil (1.0 gram) to 10 ml of deionized water. The soil suspension was thoroughly
mixed, and 0.1 mL of the soil suspension was then spread onto a petri dish containing agar of a media (w/v) as follows: yeast
extract (0.5%), MgSO4•7H2O (0.05%), Na2MoO4.2H2O (0.242 % or 10 mM), glucose (1%), (NH4)2•SO4 (0.3%), NaCl (0.5%), agar
(1.5%), and Na2HPO4 (0.071% or 5 mM). The pH of the media was adjusted to pH 6.5 [23]. This media is known as a low
phosphate molybdate media or LPM. After 48 hours of incubation at room temperature, several white and ten blue colonies
appeared on the plate. The ten isolates were then restreaked on the LPM agar several times in order to get pure culture. Mo-blue
production from these bacteria was then quantified in 100 mL liquid culture (LPM) to select the best isolate. Mo-blue production
was quantified at 865 nm utilizing the extinction coefficient of 16.3 mM.-1.cm-1 to choose the best isolate. Characterization of the
molybdenum blue produced was carried out by scanning the absorption spectrum of the blue supernatant from the liquid culture
from 400 to 900 nm (UV-spectrophotometer, Shimadzu 1201) with low phosphate media minus bacterium as the baseline
correction. Briefly, the culture supernatant was centrifuged at 10,000 x g for 10 minutes at room temperature to remove bacterial
aggregates. The bacterium was identified via biochemical and phenotypical methods [23] in accordance to the Bergey’s Manual
of Determinative Bacteriology [26], and the results plugged into the ABIS online system [27].

Bacterial resting cells preparation
The characterizations of molybdenum reduction including the effects of carbon sources, heavy metals, concentrations of
phosphate, molybdate, pH and temperature were carried out utilizing resting cells in a microtiter format as before, but with slight
modifications [28]. Briefly, bacterial cells were grown aerobically in several 250 mL shake flasks with shaking at 120 rpm on an
| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40
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orbital shaker (Yihder, Taiwan) in a volume of 1 L. Incubation was carried out at room temperature. The media utilized was the
High Phosphate media (HPM) with the only difference to the LPM was the phosphate concentration set at 100 mM. This was
carried out to prevent bacterial aggregations to molybdenum blue, which leads to cellular harvesting complications. Cells were
centrifuged at 15,000 x g at 4 oC for 10 minutes. The bacterial pellets were then rinsed with deionized water twice. The pellets
were then resuspended in 20 L of LPM with glucose omitted. Appropriate alterations in the LPM were carried out to meet the
needs of modifications in the carbon sources, phosphate, molybdate and pH conditions during the characterization works. About
180 L of the appropriately modified LPM was sterically transferred into the wells of a sterile microplate. This was followed by the
addition of 20 mL of sterile glucose or other carbon sources from a stock solution to the final concentration of 1.0 % (w/v). The
total volume was 200 L. The microplates were then sealed (Corning® microplate), and incubated at room temperature.
Readings at 750 nm were periodically taken using a BioRad Microtiter Plate reader (Model No. 680, Richmond, CA). This
wavelength is the maximum filter available for the microplate unit [28]. Quantification of the Mo-blue produced was carried out
utilizing the extinction coefficient of 11.69 mM.-1.cm-1 at 750 nm was utilized to quantify Mo-blue production. The effect of several
heavy metals was studied utilizing Atomic Absorption Spectrometry calibration standard solutions from MERCK.

Test of amides and nitriles as sources of electron donor or growth
The capacity of various amides and nitriles to support molybdenum reduction as electron donors was tested using the microplate
format above by replacing glucose from the low phosphate medium with nicotinamide, acetamide, iodoacetamide, acrylamide,
propionamide, acetamide, acetonitrile, acrylonitrile 2-chloroacetamide, and benzonitrile to the final concentration of 2,000 mg/L
[29]. Glucose was the positive control, and was added to the final concentration of 2,000 mg/L. Then 200 L of the media was
added into the microplate wells with 50 L of resting cells suspension. The microplate was incubated at room temperature for
three days and the amount of Mo-blue production was measured at 750 nm as before. The ability of the compounds above to
support the growth of this bacterium independent of molybdenum-reduction was tested using the microplate format above using
the media below minus molybdate, and replacing glucose with the xenobiotics at the final concentration of 2,000 mg/L in a volume
of 50 L. The ingredients of the growth media (LPM) were as follows: (NH 4)2•SO4 (0.3%), NaNO3 (0.2%), MgSO4•7H2O (0.05%),
yeast extract (0.01%), NaCl (0.5%) and Na2HPO4 (0.705% or 50 mM). Then 200 L of the media was added into the microplate
wells and mixed with 50 L of resting cells suspension. The media was adjusted to pH 7.0. The increase of bacterial growth was
measured at 600 nm after three days of incubation at room temperature.
.

Mathematical modelling of bacterial growth on amides

Bacterial growth on these xenobiotics was modeled using the modified Gompertz model (Eqn. 1), having three parameters to be
solved as this model is frequently used to model microbial growth [16].where A=bacterial growth at lower asymptote; µm=
maximum specific bacterial growth rate, λ=lag time, e = exponent (2.718281828) and t = sampling time.
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RESULTS
Isolation of Mo-reducing bacteria
The ten Mo-reducing bacterial isolates were quantified for their capacity to produce Mo-blue by monitoring
production at 865 nm. The best isolate was 6a [Table–1], and was chosen for further studies.
Table: 1. Mo-blue production by bacterial isolates.
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Isolate
1a
2a
3a
4a
5a
6a
7a
8a
9a
10a
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Identification of bacterium
Isolate 6a was a short rod-shaped, motile, Gram-negative bacterium. Identification of the bacterium was carried
out by computing the results of cultural, morphological and various biochemical tests [Table–2] into the ABIS
online software. Analysis using the software indicated that the bacterial identity giving the highest homology
(73%) and accuracy at 91% as Burkholderia cepacia. Despite this, molecular identification technique through
comparison of the 16srRNA gene is needed to identify this species further. The bacterium is tentatively identified
as Burkholderiasp. strain Neni-11 in honor of the late Dr. Neni Gusmanizar. The bacterium exhibited optimum pH
for reduction of between 6.0 and 6.3, and an optimum temperature ranging from 30 °C to 37°C (Data not shown).
Table: 2. Morphological and biochemical tests of Burkholderia sp. strain Neni-11.
Test

Acid production from

Gram staining

‒

Motility

+

L-Arabinose

+

Growth at 4 ºC

‒

Citrate

+

Growth at 41 ºC

+

Fructose

+

Growth on MacConkey agar

‒

Glucose

+

Arginine dihydrolase (ADH)

‒

meso-Inositol

+

Alkaline phosphatase (PAL)

‒

2-Ketogluconate

+

H2S production

+

Mannose

+

Indole production

+

Mannitol

+

Nitrates reduction

‒

Sorbitol

+

Lecithinase

‒

Sucrose

+

Lysine decarboxylase (LDC)

+

Trehalose

+

Ornithine decarboxylase (ODC)

‒

Xylose

+

ONPG (beta-galactosidase)

‒

Glycogen

‒

Esculin hydrolysis

+

Methyl-mannoside

‒

Gelatin hydrolysis

‒

D-Melezitose

‒

Starch hydrolysis

‒

Inulin

‒

Urea hydrolysis

‒

Starch

‒

Oxidase reaction

+

D-Turanose

‒

:

Note: + positive result, − negative result

Molybdenum absorbance spectrum
Through the entire progress of molybdate reduction to Mo-blue, scanning of the supernatants of the culture media
from 400 to 1000 nm demonstrated that the bacterium showed an exceptional Mo-blue spectrum having a
maximum peak at 865 nm and a shoulder at 700 nm. This unique profile was noticed to be conserved through the
entire incubation period [Figure– 1].

Effect of electron donor on molybdate reduction

| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40
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The best electron donor for supporting molybdate reduction was glucose with an optimal concentration at 1%
(w/v) (data not shown). This is followed by sorbitol, fructose, 2-ketogluconate, mannose, sucrose, l-arabinose,
mannitol, xylose, meso-inositol, trehalose and citrate in descending order [Figure– 2].
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Fig: 1. Scanning absorption spectrum of Mo-blue from Burkholderiasp. strain Neni-11 at different time intervals.
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Fig: 2. Mo-blue production utilizing various electron donor sources (1% w/v). The error bars indicate mean ± standard
deviation of three replicates.
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Molybdate reduction under various concentrations of phosphate and molybdate

MICROBIAL TECH

www.iioab.webs.com

The optimum concentration of phosphate supporting molybdenum reduction occurred between 5.0 and 7.5 mM
with higher concentrations were strongly inhibitory to reduction [Figure– 3A]. Maximum amount of Mo-blue
produced was seen at concentrations of molybdate at 15 mM, and after an incubation period of 52 hours
approximately [Figure– 3B]. A lag period of about 10 hours was observed
Effect of heavy metals
Molybdenum reduction was inhibited by mercury (ii), silver (i) and chromium (vi) at 2 p.p.m. by 91.9, 82.7 and
17.4 %, respectively. The heavy metals arsenic, cadmium, copper and lead did not exhibit inhibition to
molybdenum reduction [Figure– 4].

| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40
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Fig: 3. The effect of phosphate (A) and molybdate (B) concentrations on molybdenum reduction by Burkholderiasp. strain
Neni-11. The error bars indicate mean ± standard deviation of three replicates.
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Fig: 4. Mo-blue reduction by xenobiotics at 10 mM in low phosphate media. Glucose was the positive control. The error bars
indicate mean ± standard deviation of three replicates.
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The ability of these amides and nitriles to act as electron donor for molybdenum reduction was studied. Only
acrylamide was shown to support molybdenum reduction but at a lower efficiency than glucose [Figure–5A]. The
amides acrylamide, acetamide and propionamide supported the growth of this bacterium independently of
molybdenum reduction [Figure–5B]. The growth of this bacterium on these amides was modelled according to
the modified Gompertz model [Figure–6]. The absorbance values at 600 nm were first converted to natural
logarithm. The correlation coefficients obtained for the model at 0.99, 0.98 and 0.98 for acrylamide, propionamide
and acetamide, respectively, indicated good agreement between predicted and observed values. The growth
parameters obtained were maximum specific growth rates of 1.241, 0.971 and 0.85 d-1 for acrylamide,
propionamide and acetamide, respectively, while the lag periods of 1.372, 1.562 and 1.639 days were observed for
acrylamide, propionamide and acetamide, respectively.
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Fig: 5. Mo-blue reduction (A) measured at 750 nm and growth (B) measured at 600 nm by xenobiotics at 10 mM in low
phosphate media. Glucose was the positive control. The error bars indicate mean ± standard deviation of three replicates.
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Fig: 6. Growth of Burkholderiasp. strain Neni-11 on acrylamide, propionamide and acetamide as modelled using the
modified Gompertz model (solid lines). Bacterium was incubated at room temperature in a microtiter plate. The error bars
indicate mean ± standard deviation of three replicates.
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The phenomenon of molybdenum blue formation from bacterial reduction of molybdenum was first reported in E.
coli about more than one hundred years ago in 1896 [21]. This is followed in the last century, in 1939 [30]. It was
reported again in 1985 after a long absence in E. coliK12 [31], and in 1993 in Enterobacter cloacae strain 48 [32].
The potential of this phenomenon to be used in the bioremediation of molybdenum is first realized by Ghani et al.
[32]. Since then, numerous Mo-reducing bacteria have been isolated [Table–3], including two bacteria that can
degrade SDS [23,33] as well as a psychrophilic Mo-reducing bacterium isolated from Antarctica. As the latter is a
Pseudomonas species, we screened a similar bacterium initially isolated for diesel-degrading capacity to reduce
molybdenum to molybdenum blue. This is a second bacterium isolated from Antarctica showing molybdenum| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40
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reducing property.The microtiter plate format utilizing resting cells allows a high throughput characterization
format [23,28,34]. The utilization of resting cells or whole cells was first initiated in the bacterium Enterobacter
cloacae strain 48 [32]. Several bacterial characterizations work such as in selenate [35], chromate [36] and
vanadate [37] reductions also utilize resting cells. Furthermore, biodegradation of xenobiotics for example SDS
[38,39] and diesel [40] 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.
In the past, Mo-blue production by Mo-reducing bacteria has been hypothesized to commence initially by an
enzymatic reduction from the Mo6+ to the Mo5+ oxidation state. This is eventually accompanied by the add-on of
phosphate ions from the surroundings producing Mo-blue [32]. However, this mechanism has some issues. In
reality, Mo6+ ion does not exist in liquid solution. At neutral pH, molybdate appears as [MoO4]2- or molybdate
anions with its protonated form, either HMoO4- or H2MoO4. Molybdate concentrations of above 1 mM and at
acidic pHs, molybdate ions instantly formed polyions among others H 2Mo7O244-, HMo7O245-, Mo7O246-, and
Mo12O372-. At very acidic pHs (<2.0), species such as Mo8O264- and Mo36O112(H2O)168- started to form with even
complex species forming with further acidification. These forms of molybdenum are called polyoxomolybdates.
The structure can incorporate heteroatoms such as silicate or phosphate, in the latter forming
heteropolyoxomolybdates [51]. Enzymes for examples aldehyde oxidase and xantine oxidase can reduce these
compounds into Mo-blue, which is an intense colloidal product with fractional oxidation state [52]. Nearly all
bacterially produced Mo-blue show spectra with close similarity to the phosphate determination method [23,53],
the latter is a reduced phosphomolybdate having a characteristics shoulder of from 700 to 720 nm, and a peak
maximum from 870 nm to 890 nm [52,54]. We put forward a new hypothesis on Mo-blue production in bacteria
based on molybdenum chemistry and Mo-blue spectral analysis that a phoshomolybdate intermediate is formed
during the reduction of sodium molybdate to Mo-blue in bacteria [53]. The presence of an intermediate species
during heavy metal reduction has been reported in chromate reduction (6+ to 3+) at least in the bacteria
Pseudomonas ambigua[55] and Shewanella putrefaciens (now known as S. oneidensis) [56], where spectroscopic
and paramagnetic resonance works have confirmed the presence of the intermediate species Cr 5+. Spectroscopic
analysis employed in in this work is regarded as a simple method for distinguishing between the existing
heteropolymolybdates, which include silicomolybdate, phosphomolybdate, and sulfomolybdate. On the other
hand, additional investigations making use of nuclear magnetic resonance and electron spin resonance are
essential for in depth identification of the precise lacunary species of phosphomolybdate associated with bacterial
reduction of molybdenum [52, 57].
The majority of the molybdenum reducers prefer either glucose or sucrose as the best carbon source Table– 3.
One of the reasons is the easily assimilable characteristics of these carbohydrates. With generic metabolic
pathways, the reducing equivalents NADH and NADPH can be generated easily using these carbon sources. Both
of these compounds are electron-donating substrates for the molybdenum reducing-enzyme [58,59]. Despite
sucrose and glucose being excellent electron donor, a cheaper carbon source for example molasses can be utilized
especially in actual bioremediation, since molasses can be obtained economically and in large quantity from the
sugar cane industry in Malaysia [60]. Molasses has been utilized as electron donor in the reduction of hexavalent
chromate by the bacterium Flexivirga alba[61] and selenate reduction by five bacterial isolates [62]. The possible
utilization of molasses as a carbon source is currently being evaluated.

The concentrations of molybdate supporting optimal Mo-blue production in bacteria range between 5 and 80 mM
[Table–3]. In contrast to cationic heavy metals, bacteria can tolerate and reduce high concentrations of anionic
heavy metals. For instance, the most tolerant microorganism can tolerate and reduce arsenate at 30 mM in
Desulfomicrobium strain Ben-RB [65], chromate at 30 mM in Pseudomonas putida[66], selenate at 20 mM in
Bacillus sp. [67], and vanadate at 50 mM in Pseudomonas isachenkovii[68]. These bacteria can be employed to
cleanup molybdenum-polluted areas with high concentrations of molybdenum. A number of areas are stated to be
polluted with high concentrations of molybdenum. In Colorado, contaminated sites from a discontinued uranium
mine show molybdenum concentration as much as 6,500 mg/Kg in soils and 900 mg/L in water [69]. For efficient
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The presence of this lag period is probably because the conversion of molybdate to the intermediate
phosphomolybdate needs to reach a critical value before reduction can take place as discussed previously [19]. It
has been reported that bacterial molybdenum reduction is inhibited by phosphate at concentrations higher than 2.9
mM [32]. In general, concentrations higher than 5 mM are inhibitory to many Mo-reducing bacteria [Table–3].
Phosphomolybdate is rapidly oxidized at neutral pHs, and its stability requires acidic pH [63]. At concentrations
of 20 mM and higher, phosphate maintains the environment at neutrality. This rapidly destabilizes
phosphomolybdate. Phosphate itself can destabilize the phosphomolybdate complex as a study has demonstrated
that an acidified phosphate solution destabilizes an ascorbate-reduced phosphomolybdate [64].
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reduction to take place, the phosphate concentrations should not exceed 20 mM. It is fortunate that most sites do
not contain phosphate at concentrations exceeding this value [70].
Table: 3. 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
Bacillus pumilus strain
lbna
Bacillus sp. strain A.rzi

glucose

5-20

5-7.5

Cu2+, Ag+, Hg2+

[23]

glucose

40

2.5-5

[41]

glucose

50

4

Serratia sp. strain Dr.Y8
S. marcescens strain
Dr.Y9
Serratia sp. strain Dr.Y5
Pseudomonas
sp.strainDRY2
Pseudomonas sp.
strain DRY1
Enterobacter sp. strain
Dr.Y13
Acinetobacter
calcoaceticus strain
Dr.Y12
Serratia marcescens
strain DRY6
Enterobacter cloacae
strain 48
Escherichia coli K12
Klebsiella oxytoca
strain hkeem

sucrose
sucrose

50
20

5
5

As3+, Pb2+, Zn2+, Cd2+,
Cr6+, Hg2+, Cu2+
Cd2+, Cr6+, Cu2+,Ag+,
Pb2+, Hg2+, Co2+,Zn2+
Cr, Cu, Ag, Hg
Cr6+, Cu2+, Ag+, Hg2+

glucose
glucose

30
15-20

5
5

n.a.
Cr6+, Cu2+, Pb2+, Hg2+

[45]
[46]

glucose

30-50

5

[22]

glucose

25-50

5

glucose

20

5

Cd2+, Cr6+, Cu2+,Ag+,
Pb2+, Hg2+
Cr6+, Cd2+, Cu2+, Ag+,
Hg2+
Cd2+, Cr6+, Cu2+, Pb2+,
Hg2+

sucrose

15-25

5

Cr6+, Cu2+, Hg2+

[49]

sucrose

20

2.9

Cr6+, Cu2+

[32]

glucose
fructose

80
80

5
4.5

Cr6+
Cu2+, Ag+, Hg2+

[31]
[50]

[42]
[43]
[44]

[47]
[48]

Two of the heavy metals tested that exhibit strong inhibitory response to molybdenum reduction, mercury and
chromium, inhibit many of the Mo-reducing bacteria isolate to date [Table– 3]. Mercury is a strong inhibitor to
bacterial chromate reduction from Cr6+ to Cr3+ in Bacillus sp. with the target site of inhibition is proposed as the
sulfhydryl group [71]. Chromate inhibits the enzyme glucose oxidase [72] and nitrogen metabolism enzymes [73].
The addition of certain metal-sequestering or chelating substances such as calcium carbonate, manganese oxide,
phosphate, and magnesium hydroxide to bioremediation sites may overcome the problem of mercury inhibition
[74], and allowing molybdenum remediation to proceed. Another alternative to reduce the toxicity of mercury and
copper is to immobilize the molybdenum-reducing bacterium in membrane or dialysis tubing [20].

| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40

MICROBIAL TECH

www.iioab.webs.com

The growth rate obtained indicates that growth on acrylamide was faster than either acetamide or propionamide,
while the lag period observed also indicates that the bacteria could grow on acrylamide faster with a lower lag
period than acetamide and propionamide. The presence of lag periods indicates that the bacterial cells spend
energy to tolerate and activate metabolic pathways needed for amide assimilation. The ability of acrylamide to
support Mo-reduction is novel. In the reduction of chromate, the xenobiotic phenol could be used as electron
donor [75]. However, these two phenomena are very rare as most of the time simple carbohydrates such as lactate,
sucrose or glucose are preferred donors [19]. The amides acrylamide, acetamide and propionamide are
manufactured in the millions of tons annually. As the pollution of these amides is increasingly being reported,
ways to remediate them are being sought. To date, several microorganisms have been isolated that can use these
amides as carbon or nitrogen sources for growth. These microorganisms are potential bioremediation candidates
[15,16,24,76–84]. Nonetheless, hardly any bacteria have been mentioned capable of degrading amide and detoxify
heavy metals. Thus, the potential of this bacterium to accomplish the two functions shows that this bacterium can
be beneficial as a bioremediation agent in contaminated sites co-contaminated with amides and heavy metals.
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CONCLUSION
A molybdenum-reducing bacterium showing the novel ability to use acrylamide as a source of electron donor for
reduction is reported. In addition, the amides acrylamide, propionamide, and acetamide can be utilized as the
growth of this bacterium. Characterization of molybdenum reduction including screening of potential xenobiotics
acting as electron donor or carbon sources for growth was carried out utilizing resting cells in a microplate format
allowing a potentially high throughput process. Glucose was the best electron donor for supporting reduction,
while a critical phosphate concentration of 5.0 mM was optimal. Higher concentrations of phosphate were
strongly inhibitory. The identity of the molybdenum blue produced indicated that it is a reduced phoshomolybdate
based on scanning absorption spectrum. A modified Gompertz model was successfully used in modelling the
growth of this bacterium on these amides. Nonetheless, hardly any bacteria have been mentioned capable of
degrading amide and detoxify heavy metals. Thus, the potential of this bacterium to accomplish the two functions
shows that this bacterium can be beneficial as a bioremediation agent in contaminated sites co-contaminated with
amides and heavy metals.
.
CONFLICT OF INTEREST
The author declares having no competing interests.

ACKNOWLEDGEMENT
A portion of this project was supported by funds from Snoc International Sdn Bhd.

FINANCIAL DISCLOSURE
Institutional Support was received.

[1]

[2]

[3]

[4]

[5]

[6]

www.iioab.webs.com

[7]

[8]

Apte SC, Kwong YT. [2003] Deep sea tailings placement:
critical review of environmental issues. CSIRO Australia and
CANMET Canada
Angel BM, Simpson SL, Jarolimek CV, Jung R, Waworuntu J,
Batterham G. [2013] Trace metals associated with deep-sea
tailings placement at the Batu Hijau copper-gold mine,
Sumbawa, Indonesia. Mar Pollut Bull 73:306–313.
Yu C, Xu S, Gang M, Chen G, Zhou L. [2011] Molybdenum
pollution and speciation in Nver river sediments impacted with
Mo mining activities in Western Liaoning, northeast China. Int
J Environ Res 5:205–212.
Simeonov LI, Kochubovski MV, Simeonova BG. [2011]
Environmental heavy metal pollution and effects on child
mental development. Springer Netherlands, Dordrecht
Kargar M, Khorasani N, Karami M, Rafiee G-R, Naseh R.
[2011] Study of aluminum, copper and molybdenum pollution
in groundwater sources surrounding (Miduk) Shahr-e- Babak
copper complex tailings dam. World Acad Sci Eng Technol
76:412–416.
Ali MF, Lee YH, Ratnam W, Nais J, Ripin R. [2006] The
content and accumulation of arsenic and heavy metals in
medicinal plants near Mamut River contaminated by coppermining in Sabah, Malaysia. Fresenius Environ Bull 15:1316–
1321.
Mohammad Ali BN, Lin CY, Cleophas F, Abdullah MH, Musta
B. [2015] Assessment of heavy metals contamination in Mamut
river sediments using sediment quality guidelines and
geochemical indices. Environ Monit Assess. doi:
10.1007/s10661-014-4190-y
Kessler KL, Olson KC, Wright CL, Austin KJ, Johnson PS,
Cammack KM. [2012] Effects of supplemental molybdenum on
animal performance, liver copper concentrations, ruminal
hydrogen sulfide concentrations, and the appearance of sulfur

| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

and molybdenum toxicity in steers receiving fiber-based diets. J
Anim Sci 90:5005–5012.
Chopikashvili LV, Bobyleva LA, Zolotareva GN. [1991]
Genotoxic effects of molybdenum and its derivatives in an
experiment on Drosophila and mammals. Tsitol Genet 25:45–
49.
Pandey G, Jain GC. [2015] Molybdenum induced
histopathological and histomorphometric alterations in testis of
male Wistar rats. Int J Curr Microbiol Appl Sci 4:150–161.
Yamaguchi S, Miura C, Ito A, Agusa T, Iwata H, Tanabe S,
Tuyen BC, Miura T. [2007] Effects of lead, molybdenum,
rubidium, arsenic and organochlorines on spermatogenesis in
fish: Monitoring at Mekong Delta area and in vitro experiment.
Aquat Toxicol 83:43–51.
Narra MR, Begum G, Rajender K, Venkateswara Rao J. [2012]
Toxic impact of two organophosphate insecticides on
biochemical parameters of a food fish and assessment of
recovery response. Toxicol Ind Health 28:343–352.
Ahmad WA, Wan Ahmad WH, Karim NA, Santhana Raj AS,
Zakaria ZA [2013] Cr(VI) reduction in naturally rich growth
medium and sugarcane bagasse by Acinetobacter haemolyticus.
Int Biodeterior Biodegrad 85:571–576.
Sing NN, Zulkharnain A, Roslan HA, Assim Z, Husaini A.
[2014] Bioremediation of PCP by Trichoderma and
Cunninghamella strains isolated from sawdust. Braz Arch Biol
Technol 57:811–820.
Rahim MBH, Syed MA, Shukor MY. [2012] Isolation and
characterization of an acrylamide-degrading yeast Rhodotorula
sp. strain MBH23 KCTC 11960BP. J Basic Microbiol 52:573–
581.
Shukor MY, Gusmanizar N, Ramli J, Shamaan NA,
MacCormack WP, Syed MA. [2009] Isolation and

37

MICROBIAL TECH

REFERENCES

REGULAR ISSUE

www.iioab.org

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

www.iioab.webs.com

[32]

[33]

characterization of an acrylamide-degrading Antarctic
bacterium. J Environ Biol 30:107–112.
Rogacheva SM, Ignatov OV. [2001] The respiratory activity of
Rhodococcus rhodochrous M8 cells producing nitrilehydrolyzing enzymes. Appl Biochem Microbiol 37:282–286.
Smith EA, Prues SL, Oehme FW. [1996] Environmental
degradation of polyacrylamides. 1. Effects of artificial
environmental conditions: Temperature, light, and pH.
EcotoxicolEnviron Saf 35:121–135.
Shukor MY, Syed MA. [2010] Microbiological reduction of
hexavalent molybdenum to molybdenum blue. Curr. Res.
Technol. Educ Top Appl Microbiol MicrobBiotechnol 2:
Halmi MIE, Wasoh H, Sukor S, Ahmad SA, Yusof MT, Shukor
MY. [2014] Bioremoval of molybdenum from aqueous
solution. Int J Agric Biol 16:848–850.
Capaldi A, Proskauer B. [1896] Beiträge zur Kenntniss der
Säurebildung bei Typhus-bacillen und Bacterium coli - Eine
differential-diagnostische Studie. Z Für Hyg Infect 23:452–474.
Ahmad SA, Shukor MY, Shamaan NA, Mac Cormack WP,
Syed MA. [2013] Molybdate reduction to molybdenum blue by
an
Antarctic
bacterium.
BioMed
Res
Int.
doi:
10.1155/2013/871941
Masdor N, Abd Shukor MS, Khan A, Bin Halmi MIE,
Abdullah SRS, Shamaan NA, Shukor MY. [2015] Isolation and
characterization of a molybdenum-reducing and SDSdegrading Klebsiella oxytoca strain Aft-7 and its
bioremediation application in the environment. Biodiversitas
16:238–246.
Buranasilp K, Charoenpanich J. [2011] Biodegradation of
acrylamide by Enterobacter aerogenes isolated from
wastewater in Thailand. J Environ Sci 23:396–403.
Bhattacharya A, Gupta A, Kaur A, Malik D. [2014] Efficacy of
Acinetobacter sp. B9 for simultaneous removal of phenol and
hexavalent chromium from co-contaminated system. Appl
Microbiol Biotechnol 98:9829–9841.
Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST.
[1994] Bergey’s Manual of Determinative Bacteriology, 9th ed.
Lippincott Williams & Wilkins
Costin S, Ionut S. [2015] ABIS online - bacterial identification
software,
http://www.tgw1916.net/bacteria_logare.html,
database version: Bacillus 022012-2.10, accessed on Mar 2015.
Shukor MS, Shukor MY. [2014] A microplate format for
characterizing the growth of molybdenum-reducing bacteria. J
EnvironMicrobiol Toxicol 2:42–44.
Arif NM, Ahmad SA, Syed MA, Shukor MY. [2013] Isolation
and characterization of a phenol-degrading Rhodococcus sp.
strain AQ5NOL 2 KCTC 11961BP. J Basic Microbiol 53:9–19.
Jan A [1939] La reduction biologique du molybdate
d’ammonium par les bactéries du genre Serratia (The
biological reduction of ammonium molybdate by the bacteria of
the Serratia kind). Bull Sci Pharmacol 46:336–339.
Campbell AM, Del Campillo-Campbell A, Villaret DB. [1985]
Molybdate reduction by Escherichia coli K-12 and its chl
mutants. Proc Natl Acad Sci U S A 82:227–231.
Ghani B, Takai M, Hisham NZ, Kishimoto N, Ismail AKM,
Tano T, Sugio T. [1993] Isolation and characterization of a
Mo6+-reducing bacterium. Appl Environ Microbiol 59:1176–
1180.
Halmi MIE, Zuhainis SW, Yusof MT, Shaharuddin NA, Helmi
W, Shukor Y, Syed MA, Ahmad SA. [2013] Hexavalent
molybdenum reduction to Mo-blue by a sodium-dodecylsulfate- degrading Klebsiella oxytoca strain dry14. BioMed Res
Int 2013:8 pages.

| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Iyamu EW, Asakura T, Woods GM. [2008] A colorimetric
microplate assay method for high-throughput analysis of
arginase activity in vitro. Anal Biochem383:332–334.
Losi ME, Jr WTF. [1997] Reduction of selenium oxyanions by
Enterobacter cloacae strain SLD1a-1: Reduction of selenate to
selenite. Environ Toxicol Chem 16:1851–1858.
Llovera S, Bonet R, Simon-Pujol MD, Congregado F. [1993]
Chromate reduction by resting cells of Agrobacterium
radiobacter EPS-916. Appl Environ Microbiol 59:3516–3518.
Carpentier W, Smet LD, Beeumen JV, Brigé A. [2005]
Respiration and growth of Shewanella oneidensis MR-1 using
vanadate as the sole electron acceptor. J Bacteriol 187:3293–
3301.
Chaturvedi V, Kumar A. [2011] Diversity of culturable sodium
dodecyl sulfate (SDS) degrading bacteria isolated from
detergent contaminated ponds situated in Varanasi city, India.
Int Biodeterior Biodegrad 65:961–971.
Venkatesh C. [2013] A plate assay method for isolation of
bacteria having potent Sodium Doedecyl Sulfate (SDS)
degrading ability. Res J Biotechnol 8:27–31.
Auffret MD, Yergeau E, Labbé D, Fayolle-Guichard F, Greer
CW. [2015] 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 99:2419–2430.
Abo-Shakeer LKA, Ahmad SA, Shukor MY, Shamaan NA,
Syed MA. [2013] Isolation and characterization of a
molybdenum-reducing Bacillus pumilus strain lbna. J Environ
Microbiol Toxicol 1:9–14.
Othman AR, Bakar NA, Halmi MIE, Johari WLW, Ahmad SA,
Jirangon H, Syed MA, Shukor MY. [2013] Kinetics of
molybdenum reduction to molybdenum blue by Bacillus sp.
strain A.rzi. BioMed Res Int. doi: 10.1155/2013/371058
Shukor MY, Rahman MF, Suhaili Z, Shamaan NA, Syed MA.
[2009] Bacterial reduction of hexavalent molybdenum to
molybdenum blue. World J Microbiol Biotechnol 25:1225–
1234.
Yunus SM, Hamim HM, Anas OM, Aripin SN, Arif SM.
[2009] Mo (VI) reduction to molybdenum blue by Serratia
marcescens strain Dr. Y9. Pol J Microbiol 58:141–147.
Rahman MFA, Shukor MY, Suhaili Z, Mustafa S, Shamaan
NA, Syed MA. [2009] Reduction of Mo(VI) by the bacterium
Serratia sp. strain DRY5. J Environ Biol 30:65–72.
Shukor MY, Ahmad SA, Nadzir MMM, Abdullah MP,
Shamaan NA, Syed MA. [2010] Molybdate reduction by
Pseudomonas sp. strain DRY2. J Appl Microbiol 108:2050–
2058.
Shukor MY, Rahman MF, Shamaan NA, Syed MS. [2009]
Reduction of molybdate to molybdenum blue by Enterobacter
sp. strain Dr.Y13. J Basic Microbiol 49:S43–S54.
Shukor MY, Rahman MF, Suhaili Z, Shamaan NA, Syed MA.
[2010] Hexavalent molybdenum reduction to Mo-blue by
Acinetobacter calcoaceticus. Folia Microbiol (Praha) 55:137–
143.
Shukor MY, Habib SHM, Rahman MFA, Jirangon H, Abdullah
MPA, Shamaan NA, Syed MA. [2008] Hexavalent
molybdenum reduction to molybdenum blue by S. marcescens
strain Dr. Y6. Appl Biochem Biotechnol 149:33–43.
Lim HK, Syed MA, Shukor MY. [2012] Reduction of molybdate
to molybdenum blue by Klebsiella sp. strain hkeem. J Basic
Microbiol 52:296–305.
Krishnan CV, Garnett M, Chu B. [2008] Influence of pH and
acetate
on
the
self-assembly
process
of

38

MICROBIAL TECH

_______________________________________________________________________________________________________________________

REGULAR ISSUE

www.iioab.org

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

www.iioab.webs.com

[66]

[67]

[68]

(NH4)42.MoVI72MoV60O372(CH3COO)30(H2O)72.ca.300H2O. Int J
Electrochem Sci 3:1299–1315.
Kazansky LP, Fedotov MA. [1980] Phosphorus-31 and oxygen17 N.M.R. evidence of trapped electrons in reduced 18molybdodiphosphate(V), P2Mo18O628-. J Chem Soc Chem
Commun 14:644–646.
Shukor Y, Adam H, Ithnin K, Yunus I, Shamaan NA, Syed A.
[2007] Molybdate reduction to molybdenum blue in microbe
proceeds via a phosphomolybdate intermediate. J Biol Sci
7:1448–1452.
Clesceri LS, Greenberg AE, Trussell RR. [1989] Standard
methods for the examination of water and wastewater. Port City
Press, Baltimore
Suzuki T, Miyata N, Horitsu H, Kawai K, Takamizawa K, Tai
Y, Okazaki M. [1992] NAD(P)H-dependent chromium(VI)
reductase of Pseudomonas ambigua G-1: A Cr(V) intermediate
is formed during the reduction of Cr(VI) to Cr(III). . 174:5340–
5345.
Myers CR, Carstens BP, Antholine WE, Myers JM. [2000]
Chromium(VI) reductase activity is associated with the
cytoplasmic membrane of anaerobically grown Shewanella
putrefaciens MR-1. J ApplMicrobiol 88:98–106.
Sims RPA [1961] Formation of heteropoly blue by some
reduction procedures used in the micro-determination of
phosphorus. TheAnalyst 86:584–590.
Shukor MY, Rahman MFA, Shamaan NA, Lee CH, Karim
MIA, Syed MA. [2008] An improved enzyme assay for
molybdenum-reducing activity in bacteria. Appl Biochem
Biotechnol 144:293–300.
Shukor MY, Halmi MIE, Rahman MFA, Shamaan NA, Syed
MA. [2014] Molybdenum reduction to molybdenum blue in
Serratia sp. strain DRY5 is catalyzed by a novel molybdenumreducing enzyme. BioMed Res Int. doi: 10.1155/2014/853084
El-Gendy NS, Madian HR, Amr SSA. [2013] Design and
optimization of a process for sugarcane molasses fermentation
by Saccharomyces cerevisiae using response surface
methodology. Int JMicrobiol 2013:9.
Sugiyama T, Sugito H, Mamiya K, Suzuki Y, Ando K, Ohnuki
T. [2012] Hexavalent chromium reduction by an
actinobacterium Flexivirga alba ST13T in the family
Dermacoccaceae. J Biosci Bioeng 113:367–371.
Zhang Y, Okeke BC, Jr WTF. [2008] Bacterial reduction of
selenate to elemental selenium utilizing molasses as a carbon
source. Bioresour Technol 99:1267–1273.
Glenn JL, Crane FL. [1956] Studies on metalloflavoproteins. V.
The action of silicomolybdate in the reduction of cytochrome c
by aldehyde oxidase. Biochim Biophys Acta 22:111–115.
Shukor MY, Syed MA, Lee CH, Karim MIA, Shamaan NA.
[2002] A method to distinguish between chemical and
enzymatic reduction of molybdenum in Enterobacter cloacae
strain 48. Malays J Biochem 7:71–72.
Macy JM, Santini JM, Pauling BV, O’Neill AH, Sly LI. [2000]
Two new arsenate/sulfate-reducing bacteria: Mechanisms of
arsenate reduction. 173:49–57.
Keyhan M, Ackerley DF, Matin A. [2003] Targets of
improvement in bacterial chromate bioremediation. Remediat.
Contam. Sediments
Fujita M, Ike M, Nishimoto S, Takahashi K, Kashiwa M.
[1997] Isolation and characterization of a novel selenatereducing bacterium, Bacillus sp. SF-1. J Ferment Bioeng
83:517–522.
Antipov AN, Lyalikova NN, Khijniak TV, L’vov NP. [2000]
Vanadate reduction by molybdenum-free dissimilatory nitrate

| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40

[69]

[70]
[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

reductases from vanadate-reducing bacteria. IUBMB Life
50:39–42.
Stone J, Stetler L .[2008] Environmental Impacts from the
North Cave Hills Abandoned Uranium Mines, South Dakota.
In: Merkel B, Hasche-Berger A (eds) Uranium Min. Hydrogeol.
Springer Berlin Heidelberg, pp 371–380
Jenkins SH. [1973] Phosphorus in fresh water and the marine
environment. Biol Conserv 5:95.
Elangovan R, Abhipsa S, Rohit B, Ligy P, Chandraraj K.
[2006] Reduction of Cr(VI) by a Bacillus sp. Biotechnol Lett
28:247–252.
Zeng G-M, Tang L, Shen G-L, Huang G-H, Niu C-G. [2004]
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 AnalChem 84:761–774.
Sangwan P, Kumar V, Joshi UN. [2014] Effect of
chromium(VI) toxicity on enzymes of nitrogen metabolism in
clusterbean (Cyamopsis tetragonoloba L.). Enzyme Res
2014:784036.
Hettiarachchi GM, Pierzynski GM, Ransom MD. [2000] In situ
stabilization of soil lead using phosphorus and manganese
oxide. Environ Sci Technol 34:4614–4619.
Anu M, Salom Gnana TV, Reshma JK. [2010] Simultaneous
phenol degradation and chromium (VI) reduction by bacterial
isolates. Res J Biotechnol 5:46–49.
Nawaz MS, Billedeau SM, Cerniglia CE. [1998] Influence of
selected physical parameters on the biodegradation of
acrylamide by immobilized cells of Rhodococcus sp.
Biodegradation 9:381–387.
Shukor MY, Gusmanizar N, Azmi NA, Hamid M, Ramli J,
Shamaan NA, Syed MA. [2009] Isolation and characterization
of an acrylamide-degrading Bacillus cereus. J Environ Biol
30:57–64.
Cha M, Chambliss GH [2011] Characterization of acrylamidase
isolated from a newly isolated acrylamide-utilizing bacterium,
Ralstonia eutropha AUM-01. Curr Microbiol 62:671–678.
Syed MA, Ahmad SA, Kusnin N, Shukor MYA. [2012]
Purification and characterization of amidase from acrylamidedegrading bacterium Burkholderia sp. strain DR.Y27. Afr J
Biotechnol 11:329–336.
Thanyacharoen U, Tani A, Charoenpanich J. [2012] Isolation
and characterization of Kluyvera georgiana strain with the
potential for acrylamide biodegradation. J Environ Sci Health Part Toxic-Hazard Subst EnvironEng 47:1491–1499.
Jebasingh SEJ, Lakshmikandan M, Rajesh RP, Raja . [2013]
Biodegradation of acrylamide and purification of acrylamidase
from newly isolated bacterium Moraxella osloensis MSU11. Int
Biodeterior Biodegrad 85:120–125.
Liu Z-H, Cao Y-M, Zhou Q-W, Guo K, Ge F, Hou J-Y, Hu SY, Yuan S, Dai Y-J. [2013] Acrylamide biodegradation ability
and plant growth-promoting properties of Variovorax
boronicumulans CGMCC 4969. Biodegradation 24:855–864.
Chandrashekar V, Chandrashekar C, Shivakumar R,
Bhattacharya S, Das A, Gouda B, Rajan SS. [2014] Assessment
of acrylamide degradation potential of Pseudomonas
aeruginosa BAC-6 isolated from industrial effluent. Appl
Biochem Biotechnol 173:1135–1144.
Lakshmikandan M, Sivaraman K, Raja SE, Vasanthakumar P,
Rajesh RP, Sowparthani K, Jebasingh SEJ. [2014]
Biodegradation of acrylamide by acrylamidase from
Stenotrophomonas acidaminiphila MSU12 and analysis of

39

MICROBIAL TECH

_______________________________________________________________________________________________________________________

REGULAR ISSUE
_______________________________________________________________________________________________________________________

www.iioab.org

degradation products by MALDI-TOF and HPLC. Int

Biodeterior Biodegrad 94:214–221.

ABOUT AUTHORS
Ir. Dr. Rusnam Mansur received his PhD from Universiti Putra Malaysia in 2007, and is currently a senior
lecturer in the Department of Agricultural Technology, Faculty of Agriculture, Padang, 25163, Indonesia. His
main interests are agricultural technology and biotechnology
The late Dr. Neni Gusmanizar earned her doctorate in 2007 from Universiti Putra Malaysia. Then she worked as
an academician in the Department of Animal Nutrition, Faculty of Animal Science, Andalas University, Padang,
Indonesia, specializing in animal microbiology and biotechnology before passing away in 2011. Her loss is greatly
missed.

Mr. Mohd. Shukri Abd. Shukor earned his Bachelor of Engineeringfrom the University of Manchester Institute of
Science and Technology (UMIST),now University of Manchester. He is currently the CEO at Snoc International
Sdn. Bhd, a company involving in trading and research in the field of agriculture and biotechnology.

Muhamad Akhmal Hakim Bin Roslan earned a Bachelor of Sciences Degree in Biochemistry in 2012. He is
currently pursuing his PhD in Animal Production with a focus on sustainable animal feed at Institute of Tropical
Agriculture, UPM. Akhmal Hakim is the CEO at Halways Sdn Bhd, a start-up under UPM Innohub Programme for
technology commercialization.

Assoc. Prof. Mohd. Yunus Abd. Shukor (Orcid ID http://orcid.org/0000-0002-6150-2114) is a researcher from
Universiti Putra Malaysia. His areas of interest are biochemistry and biotechnology specializing in environmental
biotechnology

Mrs. Noor Azlina Masdor earned her BSc and MSc from Universiti Putra Malaysia. She is currently a senior
researcher in the Malaysian Agricultural Research and Development Institute (MARDI). Her fields are
biodiagnostics and biotechnology.

Siti Aqlima Ahmad is a senior lecturer and course coordinator in the field of biochemistry and environmental
toxicology at the Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia. She received
her Bac. Sci. (Hons), Master and PhD in biochemistry from Universiti Putra Malaysia. Currently, she teaches the
subjects environmental biochemistry, enzymology and industrial biochemistry at Universiti Putra Malaysia. Siti
Aqlima has 10 years’ experience in researching the subjects of environmental toxicology and has produced more
than 30 journals in scopus and ISI-cited journals. Her main research interestisthe bioremediation of heavy metals
and xenobiotic compounds.

MICROBIAL TECH

www.iioab.webs.com

Dr. Farah Aini Dahalan is currently a senior Lecturer in Universiti Malaysia Perlis, School of Environmental
Engineering, Kangar, Malaysia. She received her BSc and MSc from Universiti Putra University, and her PhD. In
Environmental Engineering from Universiti Teknologi Malaysia in 2011. Her interests include bioremediation,
biodegradation, wastewater treatments, enzymology, microbiology, biochemistry, biotechnology and
environmentally-related issues.

| Mansur et al. 2016 |IIOABJ | Vol. 7 | 1 | 28–40

40

