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The threat of heavy metal pollution to public health and wildlife has led to an
increased in developing systems that can remove or neutralise its toxic effect in soil,
sediments and wastewater. In this work, a local molybdenum reducing bacterium was
isolated. This bacterium is Gram negative and identified as Serratia marcescens
Strain Dr.Y5 based on Biolog ID system and 16s rRNA molecular phylogenetics
studies matched 99.96% to Serratia marcescens.The isolate was originally isolated
from the grounds of King Edward VII (2) primary school in Taiping, Perak.. The
optimum carbon source for Mo-blue production was sucrose at 1.0% concentration
and optimally grown at 40 °C. While the optimum concentration for nitrogen source
was 0.2(w/v) % and optimum yeast concentration was 0.05(w/v) %. The Mo-blue
production were optimum at pH 6.0 with the best ratio of phosphate to molybdate
giving optimum reduction was 2.9 mM to 20 mM, respectively. Molybdenum
reducing activity of the enzyme extract was assayed at 865 nm using 20 mM 10:4
molybdophosphoric acid and 2 mM NADH at room temperature. Purification of
phosphomolybdate reductase was done by using anion exchange on Macro Prep High

Q and gel filration on Zorbax GFX-250. The enzyme was assayed using NADH or
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NADPH as the electron donor and phosphomolybdate as the electron acceptor. The
assay was completed in less than 5 minutes and produced an intense blue color with a
wavelength maximum at 865 nm. The best electron donor for the enzyme is NADH
(12-MP as electon acceptor) with a maximum initial velocity, Vmax of 25.07 nmole
molybdenum blue produced/min/mg/protein and a Michaelis constant, Ky at 0.44
mM. The best electron acceptor substrate is 10:4 molybdophosphate, with a Ky of
3.87 mM and a Vpa of 24.18 nmole molybdenum blue/min (NADH as electron
donor at saturated concentrations). The phosphomolybdate reductase activity has an
optimum temperature at 30 °C. At 40 °C of incubation for a period of one hour, the
residual phosphomolybdate reductase activity remains 80% of the control, indicating
that the enzyme is stable below 40 °C. The enzyme was inactivated rapidly at
temperatures higher than 54 °C and was inactivated totally at 70 °C within 30

minutes of incubation.
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Ancaman pencemaran logam berat kepada kesihatan awam dan hidupan liar telah
meningkatkan pembinaan system yang dapat menghapuskan atau meneutralkan
kesan toksik logam berat dalam tanah, mendakan dan air buangan. Dalam kajian ini,
bakteria penurun molibdenum telah dipencilkan. Bakteria ini adalah bakteria Gram-
negatif dan dikenali sebagai Serratia marcesces strain Dr.Y5 berdasarkan
penggunaan Biolog ID dan analisis filogenetik molekul 16S rRNA yang memberikan
kebarangkalian 99.96% untuk Serratia marcescens. Bakteria ini telah dipencilkan
daripada tanah yang diambil daripada kawasan sekitar Sekolah Kebangsaan King
Edward VII, Taiping, Perak. Sumber karbon yang optima untuk penghasilan
molibdenum biru adalah sukrosa pada kepekatan 1.0% (w/v) dan suhu untuk
pertambahan optima adalah 40°C. Kepekatan optima sumber nitrogen adalah 0.2%
(w/v) dan kepekatan yeast optima adalah 0.05% (w/v). Penghasilan molibdenum biru
adalah terbaik pada pH 6.0 dengan nisbah fosfat kepada molibdat optimum untuk

penurunan molibdat adalah 2.9 mM kepada 20 mM. Aktiviti penurunan molibdenum



yang dimiliki oleh enzim ekstrak telah diasai pada jarakgelombang 865 nm dengan
menggunakan 20 mM 10:4 asid molibdofosforik sebagai penerima elektron dan 2
mM NADH sebagai penyumbang elektron pada suhu bilik. Penulenan
phosphomolibdat reduktase telah dilakukan dengan menggunakan kromatografi
penukaran anion kolum Macro-Prep High-Q™ dan kromatografi penurasan gel
kolum Agilent Zorbax™ GF-250. Asai tersebut dapat disempurnakan dalam masa
kurang daripada 5 minit dan dapat menghasilkan warna biru pekat dengan
gelombang maksima pada 865 nm. Penderma elektron terbaik untuk enzim ini adalah
NADH (12-MP sebagai penerima) dengan halaju permulaan maksima, V., adalah
25.07 nmol molibdenum biru/min/mg/protein dan pemalar Michaelis, Ky, pada 0.44
mM. Penerima elektron terbaik adalah fosofomolibdat pada nisbah 10:4, dengan nilai
Km pada 3.87 mM dan nilai Vmax pada 24.18 nmol molibdenum biru/min (NADH
sebagai penderma elektron pada tahap kepekatan yang tepu). Aktiviti
phosphomolibdat reduktase adalah tertinggi pada suhu 30 °C. Pada pengeraman
selama satu jam pada suhu 40 °C, aktiviti residu phosphomolibdat reduktase kekal
pada 80% berbanding kawalan menunjukan enzim ini adalah stabil pada suhu kurang
dari 40 °C. Enzim ini didapati tidak aktif pada suhu lebih tinggi daripada 50 °C dan

hilang aktiviti sepenuhnya pada suhu 70 °C dengan 30 minit masa pengeraman.
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CHAPTER 1

INTRODUCTION

The term heavy metals refers to all inorganic metallic elements that have characteristics
luster or shine and show poisonous effect and highly toxic in small amounts of exposure.
Globally, molybdenum pollution has been documented. In the Tokyo Bay and the Black
Sea, molybdenum level is in the range of hundreds of ppm (parts per million) (Tsubaki
& Irukayama, 1977). In Tyrol, Austria, molybdenum pollution is caused by industrial
effluents and has contaminated large pasture areas, reaching as high as 200 ppm causing
scouring in ruminants (Neunhduserer et al., 2001). Its uses include super alloys, nickel
base alloys, lubricants, chemicals, glass workings, electronics and many other
applications. It is from these industries that molybdenum can be found in the discharged

effluents (Shineldecker et al., 1992).

In Malaysia, molybdenum in the form of molybdenite is mined as a by-product of
copper mining from the early 70’s until the late 90’s (Kosaka & Wakita, 1978). There
are several cases of pollution in the locality caused by accidental leakage of pipe-
carrying metal system and also leaching of the metals from the mining site causing
contamination of a paddy field and the Ranau River (Shin, 2000). Another potential and
perhaps undocumented source of molybdenum pollution In Malaysia is from scheduled
waste. A survey by the Malaysian Department of Environment in 2001 showed that
10.4% of the 420,000 tones of scheduled wastes in the form of sludge generated in 2001

contained heavy metals including molybdenum. Molybdate bioremediation using



indigenous microbe from contaminated site have been demonstrated and have shown
positive results (Neunhduserer et al., 2001). Due to this, potential local molybdenum
bioremediation system for polluted sites must be prepared in advance. Hence there is a
need to isolate and characterize more local molybdate-reducing bacterium for the
purpose of bioremediation and fundamental studies to better understand the metal

reduction aspect.

There are a total of 65 metallic elements. Common to all heavy metals is that they are
considered to be toxic and some are unneeded to organisms for their nutrient uptake.
This statement is also partly untrue because it excludes the nutrient metals, which are
important in small amounts. The biological implication of metals in the environment
takes on new dimension now that the nature of the fossil fuels being used by most
civilized countries is changing. Unfortunately, very few records on the environmental
concentration of “heavy metals” exist for the period when coal was the principal source
of energy production. It is important to know more about the physiological effects of the

heavy metals that coal may liberate into the environment (Bruins, 2000).

The effects of chemical pollutants on populations and communities are affected by
physical, chemical, and biological processes in the environment. Evaluation of these
effects eventually requires as assessment of the toxicity of residues to species existing in
the total environment. The direct effects of chemicals in the environment are those
occurring immediately subsequent to their first introduction into specific ecosystem,
resulting in the exposure of living individuals to lethal toxic effects which can measure

in a short-term laboratory bioassay.



The term ‘trace element “has been suggested as a substitute for heavy metals), but it’s
still inaccurate definition because it excludes some metals such as Aluminium (Al) and
Iron (Fe). All of these heavy metals showed their beneficial characteristics, especially
for human development. Since the early age, people discovered and noticed that this
compound can help them to make building and weapons for their survival. Nowadays,
people are much smarter because of the new technology and discovered a lot of its other
function, not of its other function, not only for the physical civilization but also for them

(Alloway, 1990).

As a result, they knows that for human and any other organism’s growth, some heavy
metals such as Cobalt (Co), copper (Cu), Manganese (Mn), Nickel (Ni), Selenium (Se)
and Zinc (Zn) are essential at lower concentration. But unfortunately, it also can produce
toxic effect if taken too much at higher level (Hare, 1992). Besides that, there are some
heavy metals that showed no benefit at all for human health such as mercury (Hg) and
cadmium (Cd). These metals play no role in metabolism, as no enzyme has been
identified which purposely requires cadmium or mercury as a cofactor. These two metals
are, however, extremely harmful to life and have been involved in historic poisoning
episodes of human population and wildlife resulting from ingestion of contaminated

food and prey. Mercury is considered, as the most toxic heavy metals exist ever.

The potential of molybdate-reducing microbes as a bioremediation tool was suggested
by Ghani et al. in 1993 due to the ability of the microbe to immobilize soluble

molybdate into colloidal low-solubility molybdenum blue. Since this work was



published little works have been carried out to purify the Mo-reducing enzyme activity
and to screen for better reducers; the latter is an important prerequisite for efficient
bioremediation. Purification of the Mo-reducing enzyme in the heterotrophs have not
been successful to date and this has hampered the basic understanding of how the
microbes reduces molybdate in toxic stage to molybdenum blue that is non toxic stage.
This work has several scopes; the important ones are the search for better molybdate
reducers than EC 48 and the purification and characterization of the Mo-reducing

enzyme. In order to fulfill this scope, several objectives must be met. They are;

1. To isolate, characterize and identify Mo-reducing bacterium from local soils
2. To optimize growth conditions of the Mo-reducing bacterium prior to large scale
growth for the purposes of maximizing enzyme synthesis

3. To purify and characterize the Mo-reducing enzyme from this bacterium



