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Molybdenum reduction is an old phenomenon that has received very low attention
compare to other well-known and extensively studied metals such as chromium,
mercury and lead. Molybdenum has long been known to be toxic to ruminants and
not toxic to other organisms. However, more recently it has been increasingly
reported that molybdenum shows toxic effects to reproductive organs of fish, mouse
and even humans at concentrations between 1 and 100 ppm. Hence its removal from
the environment is highly sought after. The isolation of molybdenum reducing
bacteria and the elucidation of the reducing mechanism will lead to an efficient
bioremediation system. To fulfil this, a new Mo-reducing bacterium was isolated
from an agriculture soil plot from Universiti Putra Malaysia. The isolate was
tentatively identified as Serratia sp. MIE2 based on 16s rDNA molecular phylogeny.
Serratia sp. MIE2 is a gram negative, oxidase and catalase positive bacterium. The
molybdenum blue produced by Serratia sp. MIE2 exhibited a unique absorption
spectrum with maximum peak at 865 nm and a shoulder at 700 nm. Dialysis tubing
experiment showed that molybdate reduction by Serratia sp. MIE2 was an enzymatic
process and not chemically mediated.

Characterization and optimization of molybdenum blue production by Serratia sp.
MIE2 was carried out using one factor at a time (OFAT) and Response Surface
Methodology (RSM). One factor at a time (OFAT) showed the optimum conditions
supporting molybdate reduction occurred at pH 6.0, from 27 to 35 °C and 30-40 g/L
sucrose as the carbon source or electron donor. The best nitrogen source was
ammonium sulphate with an optimum concentration at 10 g/L. Moreover, the
optimum concentrations of phosphate and molybdate were 2 and 10 mM,
respectively. Molybdate reduction was maximized and optimized using response
surface methodology (RSM) with optimum conditions occuring at 20 mM of
molybdate, 25 g/L of sucrose, pH 6.25 and 3.95 mM of phosphate with molybdenum
blue production increasing from an OFAT absorbance yield of 10.0 to higher than
20.0 as measured at 865 nm.



Modelling kinetic studies of Serratia sp. MIE2 using the optimum conditions
obtained from the classical method (OFAT) show that the best model was Teissier
followed by Luong, Aiba, Yano and Haldane with correlation coefficient, R? values
of 0.994, 0.993, 0.992, 0.990 and 0.982, respectively. The calculated values of Pmax,
Ks and Ki of the best model were 0.89 pumole Molybdenum blue per hour, 5.84 mM
and 32.23 mM respectively. Otherwise, modelling kinetics using the optimum
condition obtained from RSM showed that the Luong model was the best model
followed by Teissier, Aiba, Yano and Haldane with correlation coefficient, R? values
of 0.999, 0.994, 0.993, 0.992 and 0.965, respectively. However, since Luong
exhibited 4 kinetic constants while Teissier has only 3 constants, by default, Teissier
model was chosen due to its mathematical simplicity. The calculated values of R?,
Pmax, Ks and K of the best model, Teissier were 1.97 umole Mo-blue per hour, 5.79
mM and 31.48 mM, respectively. Modelling kinetics showed the value of Pmax was
increasing from 0.89 umole Molybdenum blue per hour to 1.97 umole molybdenum
blue per hour indicating that molybdate reduction yield increase several fold after
optimization using RSM.

Before purification process, preliminary studies such as effect of storage and
chromatographic stabilities, effects of restorative and inhibitive agents were carried
out to minimise denaturation and to maximise yield of purified enzyme. The buffer
use during storage and purification process was Tris-HCI at pH 7.0. Mo-reducing
enzyme was stable when stored at -80°C for both 24 hours and one month followed
by storage on ice (0°C). Temperature stability study showed that the enzyme was
most stable at 25°C followed by 40°C with complete lost of activity at 60 and 40
minutes of incubation at 54 and 70°C. EGTA or (ethylene glycol tetraacetic acid),
EDTA, Triton X-100, DBS and SDS decrease 50% activity of enzyme at
concentration 0.1mM, 0.1mM, 0.1%, 0.1%, and 0.1%, respectively. DTT could
restore the Mo-reducing enzyme activity of up to 100% at the maximum
concentration of 5 mM for DTT and 0.5 mM for B-mercaptoethanol. Effects of
cofactor suggest that nickel might be an important cofactor for the enzyme. Heavy
metals such as mercury and zinc effect strongly inhibited the Mo-reducing enzyme.
The coenzyme such as FMN and FAD were able to restore Mo-reducing enzyme
activity. Mo-reducing enzyme was not inhibited by respiratory inhibitors, therefore,
the electron transport chain of this bacterium is not the site of molybdate reduction.

Purification of the Mo-reducing enzyme was done using ammonium sulphate
precipitation, gel filtration on Zorbax GF-250 and Zorbax GF-450 with a 20.8
purification fold. The molecular mass was estimated to be 100 kDa by SDS-
polyacrylamide gel electrophoresis and the enzyme was monomeric. Mo-reducing
enzyme showed maximum activity at 35°C and pH 5. The enzyme was assayed using
NADH as the electron donor with the maximum initial velocity, Vmax of 16.18 nmole
molybdenum blue/min/mg protein and a Michaelis constant, Ky at 0.89 mM. The
optimum concentration of phosphomolybdate (electron acceptor substrate) was 10
mM, with a Vmax Of 6.89 nmole molybdenum blue/min/mg protein (NADH as
electron donor at saturated concentrations) and Km of 6.02 mM. Identification of pure
enzyme using MALDI-TOF showed only peptide DNAATRSEAMSLIHGR shows
similarity to 35% to nitrile oxidoreductase and GTP cyclohydrolase I. The low
similarity value prohibited further analysis to be carried out. Thus, the enzyme is
assigned as hypothetical protein.
ii
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Penurunan molibdenum adalah suatu fenomena yang kurang mendapat perhatian
berbanding dengan logam lain-lain yang terkenal dan dikaji secara meluas seperti
kromium, merkuri dan plumbum. Molibdenum telah lama diketahui adalah toksik
kepada ruminan dan tidak toksik kepada organisma lain. Walau bagaimanapun, baru-
baru ini terdapat laporan yang menujukan bahawa molibdenum menunjukkan kesan
toksik kepada organ-organ pembiakan ikan, tikus dan juga manusia pada kepekatan
antara 1 dan 100 ppm. Oleh itu penyingkirannya daripada alam sekitar mendapat
perhatian yang tinggi. Pengasingan bakteria penurun molibdenum dan pengetahuan
mengenai mekanisme penurunan akan membawa kepada sistem biopemulihan yang
cekap. Satu bakteria Mo-penurun telah diasingkan daripada plot tanah pertanian dari
Universiti Putra Malaysia. Isolat ini secara sementara ini dikenalpasti sebagai
Serratia sp. MIE2 berdasarkan analisa filogenetik molekul 16s rDNA. Serratia sp.
MIE2 adalah gram negatif, oksidase dan katalase positif. Molibdenum biru
dihasilkan oleh Serratia sp. MIE2 mempamerkan spektrum penyerapan unik dengan
puncak maksimum pada 865 nm dan bahu di 700nm. Eksperimen tiub dialisis
menunjukkan bahawa penurunan molibdenum oleh Serratia sp. MIE2 adalah suatu
proses melibatkan enzim dan bukan secara kimia.

Pencirian dan pengoptimuman pengeluaran molybdenum biru oleh Serratia sp.
MIE2 telah dijalankan dengan menggunakan satu-faktor-pada-satu-masa (OFAT )
dan Kaedah Metodologi Permukaan (RSM). Kaedah satu-faktor-pada-satu-masa
(OFAT) menunjukkan keadaan optimum menyokong pengurangan molibdenum
berlaku pada pH 6.0, 27-35°C dan 30-40 g/L sukrosa sebagai sumber karbon atau
elektron penderma. Sumber terbaik nitrogen adalah ammonium sulfat dengan
kepekatan optimum pada 10 g/L. Selain itu, kepekatan optimum fosfat dan molibdat
adalah 2 dan 10 mM, masing-masing. Pengurangan molibdenum telah
dimaksimumkan dan dioptimumkan menggunakan Kaedah Metodologi Permukaan
(RSM) dengan keadaan penghasilan molibdenum biru optimum berlaku pada 20 mM
molibdat, 25 g/L sukrosa, pH 6.25 dan 3.95 mM fosfat dengan pengeluaran
molibdenum biru meningkatkan dari serapan 10.0 menggunakan kaedah OFAT
kepada serapan 20.0 pada jarak gelombang 865 nm menggunakan kaedah RSM.



Model kajian kinetik penurunan oleh Serratia sp. MIE2 menggunakan kondisi
optimum yang diperolehi daripada kaedah klasik (OFAT) menunjukkan bahawa
model yang terbaik ialah Teissier diikuti dengan Luong, Aiba , Yano dan Haldane
dengan nilai R? 0.994, 0.993, 0.992, 0.990 dan 0.982, masing-masing. Nilai Pmax, Ks
dan Ki model yang terbaik adalah 0.89 umol Mo-biru per jam, 5.84 mM dan 32.23
mM, masing-masing. Kinetik pemodelan menggunakan keadaan optima yang
diperolehi daripada kaedah RSM pula menunjukkan bahawa model Luong adalah
model terbaik diikuti oleh Teissier, Aiba, Yano dan Haldane dengan, nilai R? 0.999,
0.994, 0.993, 0.992 dan 0.965, masing-masing. Walau bagaimanapun, sejak Luong
menggunakan 4 pemalar kinetik manakala Teissier hanya menggunakan 3 pemalar,
maka secara tetapan model Teissier dipilih berdasarkan kesederhanaan matematik.
Nilai Pmax, Ks dan Ki model yang terbaik adalah 1.97 pmole Mo-biru sejam, 5.79 mM
dan 31.48 mM, masing-masing. Kinetik pemodelan Teissier menunjukkan nilai Pmax
telah meningkat daripada 0.89 pumol molibdenum biru/jam kepada 1.97 umole
molibdenum biru per jam yang menunjukkan bahawa pengurangan molibdenum
meningkatkan hasil beberapa kali ganda selepas pengoptimuman menggunakan
kaedah RSM.

Sebelum proses penulenan, kajian awal seperti kesan penyimpanan dan pengstabilan
semasa kromatografi, kesan agen pemulihan enzim dan agen perencat telah
dijalankan untuk mengurangkan denaturasi dan memaksimumkan hasil enzim yang
akan ditulenkan. pH optima untuk tujuan penyimpanan dan proses kromatografi
adalah Tris-HCI pada pH 7. Mo-penurun enzim adalah stabil apabila disimpan pada -
80°C samada pada 24 jam atau satu bulan dan diikuti dengan penyimpanan di dalam
ais (0°C). Kajian kestabilan suhu menunjukkan bahawa enzim adalah yang paling
stabil pada 25°C diikuti dengan 40°C dengan kehilangan aktiviti berlaku pada 60 dan
40 minit pengeraman pada suhu 54 dan 70°C, masing-masing. EGTA (etilena glikol
asid tetraasetik), EDTA (etilena diamina asid tetraasetik), Triton X-100, DBS
(dodesil benzena sulfat) dan SDS (sodium dodesil sulfat) mengurangkan aktiviti
enzim sebanyak 50% pada kepekatan 0.1mM, 0.1 mM , 0.1 % , 0.1 %, dan 0.1 %
masing-masing. DTT boleh memulihkan aktiviti enzim penurun molibdenum
sehingga 100 % pada kepekatan maksimum 5 mM untuk DTT dan 0.5 mM untuk 2-
merkaptoetanol. Kesan kofaktor menunjukkan bahawa nikel mungkin menjadi
kofaktor penting bagi enzim ini. Logam berat seperti merkuri dan zink merencat
aktiviti enzim penurun molibdenum. Koenzim seperti FMN (flavin mononukleotida)
dan FAD (flavin adenina dinukleotida) dapat memulihkan aktiviti Mo-penurun
enzim. Aktiviti enzim penurun molibdenum tidak direncat oleh perencat respirasi,
oleh itu, rantaian pengangkutan elektron daripada bakteria ini bukan merupakan
tapak aktiviti penurunan molibdenum.

Penulenan enzim penurun molibdenum telah dilakukan dengan menggunakan
fraksinasi ammonium sulfat, gel penapisan menggunakan Zorbax GF-250 dan
Zorbax G-450 dengan pekali penulenan sebanyak 20.8. Jisim molekul enzim penurun
molibdenum dianggarkan 100 kDa menggunakan kaedah gel elektroforesis-SDS dan
enzim penurun molibdenum adalah monomerik. Enzim penurun molibdenum
menunjukkan aktiviti maksimum pada suhu 35°C dan pH 5. Enzim ini telah diasai
menggunakan NADH sebagai penderma elektron dengan halaju awal maksimum,
Vmax adalah 16.18 nmole molibdenum biru /min/ mg protein dan pemalar Michaelis,
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Km adalah 0.89 mM. Kepekatan optimum fosfomolibdate (elektron penerima
substrat) adalah 10 mM , dengan Vmax adalah 6.89 nmole molibdenum biru/min/mg
protein (NADH sebagai penderma elektron pada kepekatan tepu) dan Ky adalah 6.02
mM. Pengenalan enzim tulen menggunakan kaedah MALDI-TOF menunjukan hanya
peptide  DNAATRSEAMSLIHGR mempunyai persamaan 35% kepada nitril
oksidoreduktase and GTP siklohidrolase 1. Persamaan yang rendah menghalang
analisis yang seterusnya. Oleh itu enzim ini dinamakan protein hipotetikal.
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CHAPTER 1

1.0 INTRODUCTION

Heavy metals pollution is a silent threat that has affected water bodies and soils all
around the world (Rajkumar et al., 2012; Shukor et al., 2009a; Zakaria et al., 2007,
Fadzilah et al., 2014; Sany et al., 2013). There has been a growing concern over
public health by heavy metals contamination (Chen et al., 2013; Wee et al., 2014).
Molybdenum is one of the essential heavy metals that are required at trace amount
and toxic at certain concentration (Othman et al., 2013; Halmi et al., 2013;
Yamaguchi et al., 2007; Meeker et al., 2008). Hexavalent molybdenum (Ma®)
exhibit toxic properties due to it solubility in water compared to molybdenum blue
which is insoluble in water, thus exhibiting nontoxic properties and limited
environmental disruption (Raab & Feldmann, 2003; Lloyd, 2003).

Molybdenum has many important functions in various applications. Molybdenum is
a valuable alloying agent that inhibits corrosion in water-base hydraulic systems and
automobile engine anti-freeze (llevbare & Burstein, 2001). Molybdenum replaces
chromium for inhibition of corrosion in mild steel over a wide range of pH (Twite
&Bierwagen, 1998). Molybdenum is used due to its low toxicity and is a less
aggressive oxidant towards organic additives (Philip, 1992). Another common use of
molybdenum is as lubricant in the form of molybdenum disulphide (Lansdown,
1999).

The wide application of molybdenum in industry has resulted in several water
pollution cases all around the world such as in the Tokyo Bay and the Black Sea,
Japan (Davis, 1991) and Tyrol in Austria (Neunhduserer et al., 2001), where
molybdenum level reaches in the hundreds of ppm. Poland is the latest case where
molybdenum reached as high as 10 ppm in soil in Silesian Upland (Bure¢ et al.,
2013). In Malaysia, molybdenum is mined as a byproduct of copper and
molybdenum mining area in Sabah and there have been episodic cases of pollution in
the surrounding area ('Yong, 2000).

Molybdenum is very toxic to ruminants with levels as low as several parts per
million causing scouring and even deaths (Greenwood and Earnshaw, 1984; Stojek,
2013). It was discovered that molybdenum shows its toxicity by inhibiting
spermatogenesis in catfish and mice at levels as low as several parts per million
(Yamaguchi et al., 2007; Zhai et al., 2013; Bi et al., 2013; Zhang et al., 2013). This
new findings would increase molybdenum exposure as a toxic heavy metals similar
to chromium and would increase the number of works on its removal from soil and
water bodies. In the past decades researchers have focused on bioremediation as an
environmental friendly and low cost method to solve this problem.

Bioremediation is one of the ways to remove toxic metals from the environment (Sar
et al., 2013). A variety of molybdenum reducing bacteria has been reported with all
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of them required a semi-aerobic condition for maximal production of molybdenum
blue (Campbell et al., 1985; Ghani et al., 1993; Shukor et al., 2008; Shukor et al.,
2009c; Shukor et al., 2009d; Abo-Shakeer et al., 2013; Shukor et al., 2009a; Shukor
et al., 2010a; Ahmad et al., 2013; Shukor et al., 2009e; Shukor et al., 2010b; Othman
et al., 2013.). According to Levine, Molybdate reduction was first reported in 1896
by Capaldi and Proskauer (Levine, 1925; Capaldi & Proskauer, 1896). Since then,
many more reducers have been isolated (Ghani et al., 1993; Shukor et al., 2008;
Shukor et al.,, 2009a-2009d; Shukor et al., 2010a-2010b). The first successful
molybdenum remediation was carried out on an agricultural soil contaminated with
molybdenum in Tyrol, Autria. Cows grazing on this soil showed signs of
molybdenum toxicity or molybdenosis. The toxicity is actually a Cu deficiency, since
Mo decreases Cu uptake in ruminants. The use phytoremediation and microbes from
sewage and from the soil itself manages to immobilize the molybdenum into
nonsoluble form ultimately reducing its toxicity (Neunhausserer et al., 2001).

Despite this, all of the molybdenum-reducing bacterium isolated so far is not from
agricultural soil while molybdenum is particularly very toxic to ruminants. In
addition, genetic and strain improvement of the Mo-reducing activity from potent
Mo-reducing bacterium using biotechnology would enhance the remediation process.
Previously, the first Mo-reducing enzyme was purified from Serratia sp. strain DrY5
(Shukor et al., 2014). However the yield of the purified enzyme was very low and
prevents identification through sequencing process. To solve this problem, a novel
Mo-reducing bacterium isolated from agricultural soil and screened for high Mo-
reducing activity is needed. The identification, physiological and biochemical
characterization of the isolated bacterium as well as the purification of the Mo-
reducing enzyme will be carried out.

1.1 Thesis Objectives

Based on the problem statement and significant of the study, the following objectives
are outlined:

1. To isolate and characterize a novel Mo-reducing bacterium from agriculture
soil

2. To optimize Mo-blue production through one-factor-at-a—time (OFAT) and
Response Surface Methodology (RSM)

3. To determine the kinetics of Mo-blue production in the bacterium before and
after RSM

4. To determine the effect of storage pH and temperature, metabolic inhibitor,
coenzyme and metal ions on Mo-blue production in the bacterium

5. To purify characterize and identify the Mo-reducing enzyme from the
bacterium



REFERENCES

Abo-Shakeer, L.K.A., Ahmad S.A., Shukor M.Y., Shamaan N.A., and M.A. Syed.
2013. Isolation and characterization of a molybdenum-reducing Bacillus
pumilus strain Ibna. Journal of Environmental Microbiology and Toxicology
1(1): 9-14.

Ahmad, W. A., Zakaria, Z. A., Zakaria, Z., and Surif, S. 2009. Hexavalent
Chromium Reduction at Different Growth Phases of Acinetobacter
haemolyticus. Environmental Engineering Science 26(7): 1275-1278.

Ahmad, S. A., Shukor, M. Y., Shamaan, N. A., Mac Cormack, W. P., & Syed, M. A.
2013. Molybdate Reduction to Molybdenum Blue by an Antarctic
Bacterium. BioMed research international Article ID 87194.

Ahmad, W. A., and Mohammed, N. 2010. Application of Response Surface
Methodology (RSM) for optimizing removal of Cr (VI) wastewater using Cr
(VI)-reducing biofilm systems. Malaysian Journal of Fundamental and
Applied Sciences 6(1).

Aiba, S., Shoda, M. and Nagalani, M. 1968. Kinetics of product inhibition in alcohol
fermentation. Biotechnology and Bioengineering 10, 845-864.

Annadurai, G., Ling, L. Y., and Lee, J.F. 2008. Statistical optimization of medium
components and growth conditions by response surface methodology to
enhance phenol degradation by Pseudomonas putida. Journal of hazardous
materials 151(1): 171-178.

Angelo A J & Kuck J C. 1977, Effects of cyanide on peanut lipoxygenase, Lipids 12
682-683.

Ariff, A. B., Rosfarizan, M., Ghani, B., Sugio, T. and Karim, M. I. A. 1997. Mo-
reducing enzyme in Enterobacter cloacae strain 48. World Journal of Microbial
Biotechnology 13: 643-647.

Balusu, R., Paduru, R. R., Kuravi, S. K., Seenayya, G., and Reddy, G. 2005.
Optimization of critical medium components using response surface
methodology for ethanol production from cellulosic biomass by Clostridium
thermocellum SS19. Process Biochemistry 40(9): 3025-3030.

Beyenal. H., Chen S.N. and Lewandowski Z. 2003. The double substrate growth
kinetics of Pseudomonas aeruginosa. Enzyme and Microbial Technology
32; 92-98.

Bi, C. M., Zhang, Y. L., Liu, F. J., Zhou, T. Z., Yang, Z. J., Gao, S. Y. And Wang, S.
2013. The effect of molybdenum on the in vitro development of mouse
preimplantation embryos. Systems biology in reproductive medicine 59(2),
69-73.

112



Box, G. E., and Lucas, H. 1959. Design of experiments in non-linear situations.
Biometrika 46(1/2): 77-90.

Box, G. E., and Wilson, K. 1951. On the experimental attainment of optimum
conditions. Journal of the Royal Statistical Society. Series B (Methodological)
13(1): 1-45.

Bradford, M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry 72: 248-252.

Braithwaite, E. R. 1981. Molybdenum. R. Thompson, ed., Specialty Inorganic
Chemicals. The Royal Society of Chemistry, Burlington House, London W1V
OBN. pp. 350-351.

Bure¢-Drewniak, W., Jaron, 1., Kucharzyk, J., Narkiewicz, W., & Pasieczna, A.
2013. Investigation of Tin and Molybdenum concentrations in the Soils in the
southern part of the Silesian Upland. In E3S Web of Conferences (Vol. 1, p.
08005). EDP Sciences.

Capaldi, A., Proskauer, B., 1896. Beitrdge zur Kenntnis der Sé&urebildung bei
Typhusbacillen und Bacterium Coli. Z. Hyg. Infekt.-Kr., 23: 452—474.

Carpentier. W., Sandra. K., De Smet. I., Brige. A., De Smet. L., Van Beeumen. J.,
2003. Microbial reduction and precipitation of vanadium by Shewanella
oneidensis. Applied and environmental microbiology 69: 3636-3639.

Campbell, M. A., Campbell, A. D. and Villaret, D. B. 1985. Molybdate reduction by
Eschericia coli K-12 and its chl mutants. Proceeding of the Natural Academy of
Science, USA 82: 227-231.

Campbell, W. H. and Kinghorn, K. R. 1990. Functional domains of assimilatory of
nitrate reductases and nitrite reductases. Trends in Biochemical Sciences 15:
315-319.

Cappuccino, J.G. and Sherman, N. 2005. Microbiology: A Laboratory Manual 7%
Edition. Pearson Education, Inc, San Francisco. pp 45-47.

Camargo, F. A. O., Bento, F. M., Okeke, B. C., and Frankenberger, W. T. 2003.
Chromate reduction by chromium-resistant bacteria isolated from soils
contaminated with dichromate. Journal of environmental quality 32(4): 1228-
1233.

Caruso, F., and Schuler, C. 2000. Enzyme multilayers on colloid particles: assembly,
stability, and enzymatic activity. Langmuir 16(24): 9595-9603.

Chen, Y., Hu, W., Huang, B., Weindorf, D. C., Rajan, N., Liu, X., and Niedermann,
S. 2013. Accumulation and health risk of heavy metals in vegetables from
harmless and organic vegetable production systems of China. Ecotoxicology
and environmental safety 98: 324-330.

113



Clesceri, L. S., Greenberg, A. E. and Trussel, R. R. 1989. Standard methods for the
examination of wastewater. American Public Health Association, Port City
Press, Baltimore, Maryland. 4-166.

Cotton, F. A., Wilkinson, G., Murillo, C. A., Bochmann, M., and Grimes, R.
1988. Advanced inorganic chemistry (Vol. 5). New York: Wiley.

Counotte, G. H. M., and Prins, R. A. 1979. Calculation of Km and Vmax from
substrate concentration versus time plot. Applied and environmental
microbiology 38(4): 758-760.

Costa, M., and Klein, C. B. 2006. Toxicity and carcinogenicity of chromium
compounds in humans. CRC Critical Reviews in Toxicology 36(2): 155-163.

Cull, M. and McHenry, C.S. 1990. Preparation of extracts from prokaryotes.
Deutscher, ed., Methods in Enzymology, Guide to Protein Purification.
Academic Press, San Diego. 182:425-477.

Czyryca, E. J. 1993. Advances in high strength steel technology for naval hull
construction. Key Engineering Materials, 84, 491-520.

Dancis, A., Roman, D. G., Anderson, G. J., Hinnebusch, A. G., and Klausner, R. D.
1992. Ferric reductase of Saccharomyces cerevisiae: molecular
characterization, role in iron uptake, and transcriptional control by iron.
Proceedings of the National Academy of Sciences 89(9): 3869-3873.

Davis, G. K. 1991. Molybdenum. In: Merian, E. (Ed). Metals and their compounds in
the environment, occurrence, analysis and biological relevance,” VCH
Weinheim. New York. 1089-1100.

Dawson, R.M.C, D.C. Elliot and W.H. Elliot. 1969. Data for biochemical research”,
Clarendon Press, Oxford. pp 66.

Dewan Bahasa dan Pustaka. 1977. Atlas Kebangsaan Malaysia. Kuala Lumpur. pp
60.

Dey, S., and Paul, A. K. 2014. Reduction of Hexavalent Chromium by Immobilized
Viable Cells of Arthrobacter sp. SUK 1201. Bioremediation Journal 18(1): 1-
11.

Desai, K. M., Survase, S. A., Saudagar, P. S., Lele, S., and Singhal, R. S. 2008.
Comparison of artificial neural network (ANN) and response surface
methodology (RSM) in fermentation media optimization: case study of
fermentative production of scleroglucan. Biochemical Engineering Journal,
41(3): 266-273.

Devereux, R. and Wilkinson, S. S. 2004. Amplification of ribosomal RNA
sequences”. In: Akkermans ADL, Van Elsas JD and De Bruijn FJ (eds.),
Molecular microbial ecology manual. 2" ed. Kluwer Academic Publishing,
Netherland, 1-17.

114



Deutscher, M. P. (Ed.). 1990. Guide to protein purification. Gulf Professional
Publishing. pp12.

Deutscher, M. P. 1990. Setting up a laboratory. Methods in Enzymology: Guide to
Protein Purification, Academic Press, San Diego.pp 19-24

Diamantino. T.C., L. Guilhermino. L., Almeida. E. and Soares. A.M. 2000. Toxicity
of Sodium Molybdate and Sodium Dichromate to Daphnia magna Straus
Evaluated in Acute, Chronic, and Acetylcholinesterase Inhibition Tests.
Ecotoxicology and environmental Safety 45: 253-259.

Dinarvand, M., Rezaee, M., Masomian, M., Jazayeri, S. D., Zareian, M., Abbasi, S.,
& Ariff, A. B. 2013. Effect of C/N Ratio and Media Optimization through
Response Surface Methodology on Simultaneous Productions of Intra-and
Extracellular Inulinase and Invertase from Aspergillus niger ATCC 20611.
BioMed research international.

DOE, Environmental Quality Report. 2010, Department of Environment, Ministry of
Science, Technology and the Environment, Malaysia. ISSN 0127-6433.

Dolin, M. I. 1961. Cytochrome-independent electron transport enzymes of bacteria. .
C. Gunsalus and R. Y. Stainer, eds., The Bacteria: a treatise of Structure and
Function, Academic Press, New York, pp 425-461

Fadzilah, M. H. H., Tajam, J., Kamal, M. L., and Daim, N. 2014. Distribution of
Heavy Metals, Organic Matter and Mean Size in Sediment at the Perlis River.
In From Sources to Solution, Springer Singapore, pp. 507-511.

Freedman. Z., Zhu. C. and Barkay. T. 2012. Mercury resistance and mercuric
reductase activities and expression among chemotrophic thermophilic
Aquificae. Applied and Environmental Microbiology, 78. 6568-6575.

Felsenstein. J. 1985. Confidence limits on phylogenies. An approach using the
bootstrap. Evolution, 39:783-791.

Garbisu. C., Alkorta. I., Llama. M.J. and Serra. J.L. 1998. Aerobic chromate
reduction by Bacillus subtilis. Biodegradation, 9( 2): 133-141.

Ghani, B., Takai, M., Hisham, N.Z, Kishimito, N., M.L.A. Ismail, T. Tano and T.
Sugio. 1993. Isolation and characterization of a Mo®" -reducing bacterium,”
Applied and Environmental Microbiology. 59: 1176-1180.

Glenn J.L and Crane F.L. 1956. Studies on metalloflavoproteins. V. The action of
silicomolybdate in the reduction of cytochrome c¢ by aldehyde oxidase.
Biochim. Biophys. Acta, 22:111-115.

Ghluszcz. P., Petera. J. and Ledakowicz. S. 2011. Mathematical modeling of the

integrated process of mercury bioremediation in the industrial bioreactor.
Bioprocess and Biosystems Engineering 34(3): 275-285.

115



Greenwood, N. N. and Earnshaw, A. 1984. Chemistry of the elements. Pergammon
Press, Oxford. pp 1167.

Gunawan, E. R., Basri, M., Rahman, M. B. A., Salleh, A. B. and Rahman, R. N. Z.
A. 2005. Study on response surface methodology (RSM) of lipase-catalyzed
synthesis of palm-based wax ester. Enzyme and Microbial Technology. 37(7):
739-744.

Gupta, C. K. 1992. Extractive metallurgy of molybdenum. CRC press, pp 55.

Halmi, M. I. E., Zuhainis, S. W., Yusof, M. T., Shaharuddin, N. A., Helmi, W.,
Shukor, M. Y and Ahmad, S. A. 2013. Hexavalent Molybdenum Reduction to
Mo-Blue by a Sodium-Dodecyl-Sulfate-Degrading Klebsiella oxytoca Strain
DRY14. BioMed research international.

Han, K., and Levenspiel, O. 1988. Extended Monod kinetics for substrate, product,
and cell inhibition. Biotechnology and Bioengineering, 32(4): 430-447.

Harrison, R. 2002. Structure and function of xanthine oxidoreductase: where are we
now?. Free Radical Biology and Medicine 33(6):774-797.

Hem, J. D. 1972. Chemical factors that influence the availability of iron and
manganese in aqueous solution. Geological Society of America Bulletin, 83:
443-450.

Holm, R. H., Kennepohl, P. and Solomon, E. I. 1996. Structural and functional
aspects of metal sites in biology. Chemical Review 2196-2239.

Hori, T. Sugiyama, M and Himeno, S. 1988. Direct spectrophotometric determination
of sulphate ion based on the formation of a blue molybdosulphate complex.
Analyst 113: 1639 - 1644.

llevbare. G., and Burstein G., 2001, The role of alloyed molybdenum in the
inhibition of pitting corrosion in stainless steels. Corrosion Science 43:485-
513.

llias, M., Rafiqullah, 1. M., Debnath, B. C., Mannan, K. S. B., & Hog, M. M. 2011.
Isolation and characterization of chromium (VI)-reducing bacteria from
tannery effluents. Indian journal of microbiology 51(1): 76-81.

Jan. A. 1939. La reduction biologique du molybdate d'ammonium par les bactéries
du genre Serratia. Bulletin des Sciences Pharmacologiques, 46 : 336-339.

Jeffrey, J. 1980. Kinetic aspects of soluble dehydrogenases requiring nicotinamide
coenzymes. J. Jeffrey, ed., Dehydrogenases Requiring Nicotinamide
Coenzymes. Birkhduser, Verlag. Basel, pp 100-150.

Johnston, J.J., R.C. Borden and M.A. Barlaz. 1996. Anaerobic biodegradation of

alkylbenzenes and trichloroethylene in aquifer sediment down gradient of a
sanitary landfill. Journal of Contamination and Hydrology 23: 263-283.

116



Kazansky, L. P. and Fedotov, M. A. 1980. Phosporous-31 and oxygen-17 n.m.r.
evidence of trapped electrons in reduced 18-molybdodiphospate (v), P2M0150s2®
Journal of the Chemical Society, Chemical Communication 13: 644 — 647.

Kaiser, B. N., Gridley, K. L., Brady, J. N., Phillips, T., and Tyerman, S. D. 2005. The
role of molybdenum in agricultural plant production. Annals of botany, 96(5):
745-754,

Kazansky, L. P. and Fedotov, M. A. 1980. Phosporous-31 and oxygen-17 n.m.r.
evidence of trapped electrons in reduced 18-molybdodiphospate (v), P2M0150s2®
Journal of the Chemical Society, Chemical Communication 13: 644 — 647.

Khuri, A. 1., and Mukhopadhyay, S. 2010. Response surface methodology.Wiley
Interdisciplinary Reviews: Computational Statistics, 2(2): 128-149.

Kim, J. and Rees, D. C. 1992. Chrystallographic structure and functional
implications of the nitrogenase molybdenum-iron protein from Azotobacter
Vinelandii. Nature 360: 553-560.

Kimball, B. A., Nordstrom, D., Runkel, R. L., Vincent, K. R., & Verplanck, P. L.
(2006). Questa baseline and pre-mining ground-water quality investigation.
23. Quantification of mass loading from mined and unmined areas along the
Red River, New Mexico. U. S. Geological Survey.

Kwon-Hee Lee, Gyung-Jin Park and Won-Sik Joo. 2005. A Global Robust
Optimization Using the Kriging Based Approximation Model. 6th World
Congresses of Structural and Multidisciplinary Optimization Rio de Janeiro,
30 May - 03 June 2005, Brazil.

Lansdown. A. 1999. Molybdenum disulphide lubrication, Access Online via
Elsevier.

LangArd, S. and Lison, D. 2012. Chromium, Molybdenum, and Tungsten. Patty's
Toxicology 106, 176-185.

Levine, V. E. 1925. The reducing properties of microorganisms with special
reference to selenium compounds, Journal of Bacteriology, 10, 217-263.

Lee, J. D. 1977. Concise inorganic chemistry. Van Reinhold Co. pp 325. New York.

Lepora, N. 2006. Molybdenum. Marshall Cavendish. pp: 4-6

Lim, H. K, M.A. Syed, M.Y. Shukor. 2012. Reduction of molybdate to molybdenum
blue by Klebsiella sp. strain hkeem”, Journal of Basic Microbiology, 52(3):
296-305,

Lloyd, J. R. 2003. Microbial reduction of metals and radionuclides. FEMS
microbiology reviews, 27(2-3): 411-425.

Lovley, D. R. 1993. Dissimilatory metal reduction. Annual Reviews in Microbiology
47: 263-290.

117



Luong, J. H. T. 1985. Kinetics of ethanol inhibition in alcohol fermentation.
Biotechnology and bioengineering, 27(3): 280-285.

Mamatha, S. S., Ravi, R., and Venkateswaran, G. 2008. Medium optimization of
gamma linolenic acid production in Mucor rouxii CFR-G15 using
RSM. Food and Bioprocess Technology, 1(4): 405-409.

Margush, T. and F.R. McMorris. 1981. Consensus n-trees”, Bulletin of Mathematical
Biology, 43: 239-244.

Mantle, T. J.,, and Noone, P. 1996. Chromatofocusing. In Protein Purification
Protocols, Humana Press, pp. 249-254.

Masood, F., and Malik, A. 2011. Hexavalent chromium reduction by Bacillus sp.
strain FM1 isolated from heavy-metal contaminated soil. Bulletin of
environmental contamination and toxicology, 86(1): 114-1109.

Meeker, J. D., Rossano, M. G., Protas, B., Diamond, M. P., Puscheck, E., Daly, D.
and Wirth, J. J. 2008. Cadmium, lead, and other metals in relation to semen
quality: human evidence for molybdenum as a male reproductive
toxicant. Environmental health perspectives, 116(11): 1473.

Mendel, R. R., & Kruse, T., 2012. Cell biology of molybdenum in plants and
humans. Biochimica et Biophysica Acta (BBA)-Molecular Cell Research
1823(9), 1568-1579.

Misra, T. K. 1992. Bacterial resistances to inorganic mercury salts and
organomercurials. Plasmid, 27(1): 4-16.

Miyazaki, K., Wintrode, P. L., Grayling, R. A., Rubingh, D. N., and Arnold, F. H.
2000. Directed evolution study of temperature adaptation in a psychrophilic
enzyme. Journal of molecular biology, 297(4): 1015-1026.

Molecular Simulations Inc. 2000. Heteropolymolybdate Salts-- A New Structural
Model.

Montgomery, D. C. 1984. Design and analysis of experiments. Wiley New York.

Monod, J. 1949. The Growth of Bacterial Cultures. Annual Review of Microbiology.
3: 371-394.

Mulchandani. A, J. Luong. 1989. Microbial inhibition kinetics revisited. Enzyme and
microbial technology 11: 66-73.

Munch, J. C and Ottow, J. C. G. 1983. Reductive transformation mechanism of ferric

oxides in hydromorphic coils. Environmental and Biogeochemical Ecology
Bulletin (Stockholm) 35: 383-394.

118



Mussatto, S. I., Machado, E. M., Martins, S., and Teixeira, J. A. 2011. Production,
composition, and application of coffee and its industrial residues.Food and
Bioprocess Technology 4(5): 661-672.

Miiller, A., Meyer, J., Krickemeyer, E., and Diemann, E. 1996. Molybdenum blue: A
200 year old mystery unveiled. Angewandte Chemie International Edition in
English, 35(11): 1206-1208.

Miiller, A., and Serain, C. 2000. Soluble molybdenum blues “des pudels kern.
.Accounts of chemical research, 33(1): 2-10.

Myers, R. H., and Anderson-Cook, C. M. 2009. Response surface methodology:
process and product optimization using designed experiments, John Wiley &
Sons. 705, 73-153.

Neunh&userer, C. M., Berreck. and Insam, H. 2001. Remediation of Soils
Contaminated with  Molybdenum using Soil Amendments and
Phytoremediation. Water Air Soil Pollution 128: 85-96.

Ng, T. W., Cai, Q., Wong, C.K., Chow, A. T., and Wong, P.K. 2010. Simultaneous
chromate reduction and azo dye decolourization by Brevibacterium casei Azo
dye as electron donor for chromate reduction. Journal of hazardous
materials, 182(1): 792-800.

North, A. C, 1988. Xanthine oxidase family, http://  www.
Metallo.scripps.edu/promise/xantoxidase.html.

Opperman. D.J., Piater L.A. and van Heerden. E. (2008). A novel chromate
reductase from Thermus scotoductus SA-01 related to old yellow enzyme.
Journal of bacteriology,190: 3076-3082.

Osborne. F. H. and Ehrlich. H. L. 1976. Oxidation of arsenite by a soil isolate of
Alcaligenes, Journal of Applied Bacteriology. 41(2): 295-305.

Othman, A. R., Bakar, N. A., Halmi, M. I. E., Johari, W. L. W., Ahmad, A.,
Jirangon, H., & Shukor, M. Y. 2013. Kinetics of Molybdenum Reduction to
Molybdenum Blue by Bacillus sp. Strain A. rzi, BioMed research
international.

Pal, A., Datta, S., and Paul, A. K. 2013. Hexavalent chromium reduction by
immobilized cells of Bacillus sphaericus and 303. Brazilian Archives of
Biology and Technology, 56(3): 505-512.

Padhiar, A. R., and Modi, H. A. 2013. Optimization Of Lipase Production By
Saccharomonospora Azurea Ap 11/18 Using Plackett-Burman Design And
Response Surface Methodology. International Journal, 3(1), 59-66.

Park, C. H., Keyhan, M., Wielinga, B., Fendorf, S., and Matin, A. 2000. Purification

to homogeneity and characterization of a novel Pseudomonas putida
chromate reductase. Applied and Environmental Microbiology 66: 1788-1795.

119



Pei, Q. H., Shahir, S., Raj, A. S., Zakaria, Z. A., and Ahmad, W. A. 2009. Chromium
(V1) resistance and removal by Acinetobacter haemolyticus. World Journal of
Microbiology and Biotechnology, 25(6): 1085-1093.

Philip. C. 1992. Molecular mechanics study of the interaction of thiophene with a
molybdenum disulfide catalyst. Journal of the Chemical Society, Faraday
Transactions, 88:3225-3232.

Poole, R. K. 1983. Bacterial Cytochrome Oxidases: A Structurally and functionally
diverse group of electron-transfer proteins. Biochimica et Biophysica Acta
726: 200-243.

Privé, G. G. 2007. Detergents for the stabilization and crystallization of membrane
proteins. Methods 41(4): 388-397.

Prapulla, S. G., Jacob, Z., Chand, N., Rajalakshmi, D., and Karanth, N. G. 1992.
Maximization of lipid production by Rhodotorula gracilis CFR-1 using
response surface methodology. Biotechnology and bioengineering, 40(8):
965-970.

Rajkumar, B., Sharma, G. D., and Paul, A. K. 2012. Isolation and Characterization of
Heavy Metal Resistant Bacteria from Barak River Contaminated with Pulp
Paper Mill Effluent, South Assam. Bulletin of environmental contamination
and toxicology, 89(2): 263-268.

Raab, A., and Feldmann, J. 2003. Microbial transformation of metals and
metalloids. Science progress, 86(3): 179-202.

Rajagopalan, K. V. 1980. Xanthine oxidase and aldehyde oxidase. Pp. 295-306 in W. B.
Jakoby, ed., Enzymatic Basis of Detoxification. Academic Press, New York.

Rajwade, J. M., Salunkhe, P. B., and Paknikar, K. M. (1999). Biochemical basis of
chromate reduction by Pseudomonas mendocina. Process Metallurgy 9: 105-
114.

Rissel, C., & Kémpfer, A. 1998. Electric melting of glass: Influence of cathodic
currents on the formation of protective layers on molybdenum electrodes.
Glass science and technology, 71(1), 6-11.

Runnells, D.D., D.S. Kaback and E.M. Thurman, 1976. Geochemistry and sampling
of molybdenum in Sediments, Soils Plants in Colorado. In: Molybdenum in
the Environment, W.R. Chappel and K.K. Peterson (eds.). Marcel and
Dekker, Inc, New York.

Sany, S. B. T., Salleh, A., Rezayi, M., Saadati, N., Narimany, L., & Tehrani, G. M.
(2013). Distribution and contamination of heavy metal in the coastal
sediments of Port Klang, Selangor, Malaysia. Water, Air, & Soil Pollution
224(4), 1-18.

120



Sar, P., Kazy, S. K., Paul, D., AND Sarkar, A. 2013. Metal Bioremediation by
Thermophilic Microorganisms. In Thermophilic Microbes in Environmental
and Industrial Biotechnology, Springer Netherlands, pp. 171-201

Sau. G.B., Chatterjee. S. and Mukherjee. S.K. 2010. Chromate reduction by cell-free
extract of Bacillus firmus KUCr1. Polish Journal of Microbiology 59:185—
190.

Saitou. N. And Nei. M. 1987. The neighbour-joining method: A new method for
reconstructing phylogenetic trees”, Molecular Biology and Evolution 4: 406—
425.

Scopes, R. K. 1988. Protein purification, principles and practice, Springer-Verlag,
New York. pp 12.

Schroder, 1., Rech, S., Krafft, T., and Macy, J. M. 1997. Purification and
characterization of the selenate reductase from Thauera selenatis. Journal of
Biological Chemistry, 272(38): 23765-23768.

Schwarz, G., Mendel, R. R., and Ribbe, M. W. 2009. Molybdenum cofactors,
enzymes and pathways. Nature, 460(7257): 839-847.

Schindelin, H., Kisker, C., and Rajagopalan, K. V. 2001. Molybdopterin from
molybdenum and tungsten enzymes. Advances in protein chemistry, 58: 47-
94,

Scopes, R. K. 1994. Protein purification: principles and practice. Springer. pp 10-36.

Seldén, A. 1., Berg, N. P., Séderbergh, A., and Bergstrom, B. E. 2005. Occupational
molybdenum  exposure and a gouty electrician. Occupational
Medicine, 55(2): 145-148.

Shukor, M. Y. A., Shamaan, N. A., Syed, M. A,, Lee, C. H. and Karim, M. I. A.
2000. Characterization and quantification of molybdenum blue production in
Enterobacter cloacae Strain 48 using 12 molybdophosphate as the reference
compound. Asia Pacific Journal of Molecular Biology & Biotechnology, 8(2):
167-172.

Shukor, M. Y., Syed, M. A,, Lee, C. H., Karim, M. I. A., and Shamaan, N. A. 2002.
A method to distinguish between chemical and enzymatic reduction of
molybdenum in Enterobacter cloacae strain 48. Malaysian Journal of
Biochemistry, 7: 71-72.

Shukor, A., Yunus, M., Lee, C. H., Omar, 1., Karim, M. I. A., Syed, M. A,, and
Shamaan, N. A. 2003. Isolation and Characterization of a Molybdenum
Reducing Enzyme in Enterobacter cloacae Strain 48. Pertanika Journal of
Science & Technology, 11(2): 261-272.

121



Shukor, M. Y, H. Adam, K. Ithnin, I. Yunus and N.A. Shamaan. 2007. Molybdate
reduction to Mo-blue in microbe proceeds via a phosphomolybdate
intermediate”, Journal of Biological Sciences 7:1448-1452.

Shukor M.Y, Habib S.H.M., Rahman M.F.A., Jirangon H., Abdullah M.P.A., Shamaan
N.A. and Syed M.A. 2008. Hexavalent molybdenum reduction to
molybdenum blue by S. marcescens strain Dr.Y6. Applied Biochemistry and
Biotechnology. 149(1): 33-43.

Shukor M.Y., Rahman M.F.A., Suhaili Z., Mustafa S., Shamaan N.A., Syed M.A.
2009a. Reduction of Mo(VI) by the bacterium Serratia sp. strain DRY5.
Journal of Environmental Biology, 30(1):65-72.

Shukor M.Y., Rahman M.F., Shamaan N.A. and Syed M.A. 2009b. Reduction of
molybdate to molybdenum blue by Enterobacter sp. strain DRY 13. Journal of
Basic Microbiology, 49:1-12.

Shukor M.Y., Rahman M.F., Suhaili Z., Shamaan N.A. and Syed M.A. 2009c.
Bacterial Reduction Of Hexavalent Molybdenum To Molybdenum Blue.
World Journal of Biotechnology and Microbiology 25:1225-1234.

Shukor M.Y., Hamdan M.H., Othaman M.A., Shamaan N.A. and Syed M.A. 2009d.
Mo(VI) reduction to molybdenum blue by S. marcescens strain DRY9. Polish
Journal of Microbiology. 58(2):141-147.

Shukor, M. Y., Rahman, M. F., Shamaan, N. A., and Syed, M. A. 2009e. Reduction
of molybdate to molybdenum blue by Enterobacter sp. strain Dr.
Y13. Journal of basic microbiology, 49(S1), S43-S54.

Shukor M.Y., Rahman M.F., Suhaili Z., Shamaan N.A. and Syed M.A 2010a.
Hexavalent Molybdenum Reduction to Mo-blue by Acinetobacter
calcoaceticus. Folia Microbiology. 55(2):137-143.

Shukor MY, Ahmad SA, Abdullah MP,Shamaan NA, Syed MA. 2010b. Molybdate
Reduction by Pseudomonas sp. Strain DRY2. Journal of Applied
Microbiology. doi:10.1111/j.1365-2672.2009d.04604.x.

Shukor, M. Y., and Syed, M. A. 2010C. Microbiological reduction of hexavalent
molybdenum to molybdenum blue. Current Research, Technology And
Education Topics in Applied Microbiology and Microbial Biotechnology, pp
1304-1310.

Shukor. M.Y. Rahman. M.F., Halml. M.L.E., Shamaan. N.A., and Syed. M.A., 2014.
Molybdenum Reduction to Molybdenum Blue in Serratia sp. Strain DRY5 is
Catalyzed by a Novel Molybdenum-Reducing Enzyme, BioMed research
international. vol. 2014, Article ID 853084.

122



Shen. H. And Wang. Y. Characterization of enzymatic reduction of hexavalent
chromium by Escherichia coli ATCC 33456. Applied and Environmental
Microbiology 59: 3171-3777.

Shineldecker, C. L. 1992. Handbook of environmental contaminants: a guide to self
assessment.Lewis Publisher, U.S.A. pp 72.

Shen, Hai, and Yi-Tin Wang, 1995. Simultaneous chromium reduction and phenol
degradation in a coculture of Escherichia coli ATCC 33456 and
Pseudomonas putida DMP-1. Applied and environmental microbiology,61(7):
2754-2758.

Sharma, P., Singh, L., and Dilbaghi, N. 2009. Optimization of process variables for
decolorization of Disperse Yellow 211 by Bacillus subtilis using Box—
Behnken design. Journal of hazardous materials, 164(2): 1024-1029.

Sims, R. P. A. 1961. Formation of heteropoly blue by some reduction procedures used
in the micro-determination of phosporous. Analyst 86: 584 - 590.

Sidgwick, N. V. 1984. The chemical elements and their compounds. Clarendon
Press, Oxford. pp 21-35.

Sinnakkannu S., Abdullah. A.R, Tahir. N.M and Abas. M.R.. 2004. Degradation of
metsulfuron methyl in selected Malaysian agricultural soils”, Fresenius
Environmental Bulletin, 13: 258-261.

Slifer, D. 1996. Red river groundwater investigation; Final report.
http://www.amigosbravos.org/molywatch/rr_groundwater.html#3.2.2.6.
Accessed on 16 May 1999.

Soda, S. O., Yamamura, S., Zhou, H., Ike, M., and Fujita, M. 2006. Reduction
kinetics of As (V) to As (111) by a dissimilatory arsenate-reducing bacterium,
Bacillus sp. SF-1. Biotechnology and bioengineering 93(4): 812-815.

Soo, E., Salleh, A. B., Basri, M., Rahman, R. A., and Kamaruddin, K. 2004.
Response surface methodological study on lipase-catalyzed synthesis of
amino acid surfactants. Process Biochemistry 39(11): 1511-1518.

Soni, S. K., Singh, R., Awasthi, A., Singh, M., & Kalra, A. 2013. In vitro Cr (VI)
reduction by cell-free extracts of chromate-reducing bacteria isolated from
tannery effluent irrigated soil. Environmental Science and Pollution Research
20(3), 1661-1674.

Srinath, T., Verma, T., Ramteke, P., and Garg, S. 2002. Chromium (V1) biosorption
and bioaccumulation by chromate resistant bacteria. Chemosphere, 48(4):
427-435.

Stojek, M. 2013. The concentration of molybdenum and copper in rocks, soils and

plants in the area of Jabtonki (Eastern Beskids Mts.)/Zawarto$¢ molibdenu i
miedzi w skatach, glebach i ros§linach w okolicy Jabtonek (Beskidy

123


http://www.amigosbravos.org/molywatch/rr_groundwater.html#3.2.2.6

Wschodnie).Ochrona Srodowiska i Zasobéw Naturalnych-Environmental
Protection and Natural Resources, 24(3), 13-17.

Stoll, V. S. and Blanchard, J. S. 1990. Buffers: principles and practice. in M.P.
Deutscher, ed., Methods in Enzymology Vol 182: Guide to Protein Purification.
Academic Press, San Diego, pp 24-37.

Sugio. T., Tsujita. Y., Katagiri. T., Inagaki. K. and Tano. T. 1988. Reduction of Mo®*
with elemental sulfur by Thiobacillus ferrooxidans. Journal of Bacteriology
170: 5956-5959.

Suzuki, T., Miyamata, N., Horitsu, H., Kawai, K., Takamizawa, T., Tai, Y., and
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(lll). Applied and Environmental Microbiology 174:
5340-5345.

Suhaila, Y. N., Ramanan, R. N., Rosfarizan, M., Latif, I. A., and Ariff, A. B. 2013.
Optimization of parameters for improvement of phenol degradation by
Rhodococcus UKMP-5M using response surface methodology. Annals of
Microbiology 63(2): 513-521.

Sukumar. M. 2010. Reduction of hexavalent chromium by Rhizopus Oryzae”,
African Journal of Environmental Science and Technology 4(7): 412-418.

Tendo Masayuki, Yutaka Tadokoro, Kazuhiro Suetsugu, and Takanori Nakazawa.
2001. Effects of nitrogen, niobium and molybdenum on strengthening of
austenitic stainless steel produced by thermo-mechanical control process. 1S1J
international 41(3)262-267.

Teissier. G. 1942. Croissance des populations bacte riennes et quantite’d’aliment
disponible (Growth of bacterial populations and the available substrate
concentration), Revision Science 80:209,

Thompson. J.D., Higgins. D.G and Gibson. T.J. 1994 “CLUSTAL W”: improving
the sensitivity of progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix choice”, Nucleic
Acids Research 22: 4673-4680.

Thippeswamy. B., Shivakumar C.K., and Krishnappa M. 2012. Bioaccumulation
potential of Aspergillus niger and Aspergillus flavus for removal of heavy
metals from paper mill effluent. Journal of Environmental Biology 33: 1063—
1068.

Tucker, M. D., Barton L. L., and Thomson, B. M. 1997. Reduction and

immobilization of molybdenum by Desulfovibrio desulfuricans. Journal of
Environmental Quality. 26: 1146-1152.

124



Truex M.J, Peyton B.M, Valentine N.B, Gorby Y.A. 1997. Kinetics of U(VI)
reduction by a dissimilatory Fe(lll)-reducing bacterium under non-growth
conditions. Biotechnology and Bioengineering 5;55(3):490-6.

Twite. R. And Bierwagen G. 1998 Review of alternatives to chromate for corrosion
protection of aluminum aerospace alloys. Progress in organic coatings 33: 91-
100.

Underwood EJ. 1979. Environmental sources of heavy metals and their toxicity to
man and animals. Programe Water Technology. 11(4-5):33-45.

Underwood, E. J. 1966. The mineral nutrition of livestock. Commonwealth
Agricultural Bureaux, pp 103.

Vimalashanmugam, K., and Viruthagiri, T. 2013. Medium optimization for solid
state fermentative production of xylanase by Aspergillus terreus using central
composite design. Innovative Romanian Food Biotechnology, 13:18-29.

Wang, P. C., Mori, T., Komori, K., Sasatsu, M., Toda K. and Ohtake, H. 1989. Isolation
and characterization of an Enterobacter cloacae strain that reduces hexavalent
chromium under anaerobic conditions. Applied and Environmental
Microbiology 55: 1665-1669.

Walser, H., and Shields, D. J. 2006. Traditional and emerging applications of
molybdenum metal and its alloys. In 18th annual general meeting of IMOA,
Austria. pp 12-20

Wee, B. S., Shukor, S. A., Khaidir, A. F., Hamzah, M. S., Rahman, S. A., Elias, M.
S., and Hashim, A. 2014. Biomonitoring of Trace Elements Using Epiphytic
Lichens Collected in a Suburban Area of Selangor, Malaysia. In From
Sources to Solution, Springer Singapore, pp 37-41

Webb, J.L. 1963. Enzymes and Metabolic Inhibitors. Boston: Academic Press. Pp
33-34

Wheeler, P. A., and Kirchman, D. L. 1986. Utilization of inorganic and organic
nitrogen by bacteria in marine systems. Limnology and Oceanography 31(5):
998-1009.

Wisniak, J. 2009. Carl Wilhelm Scheele. Revista CENIC Ciencias Quimicas,40(3).
20-25.

Williams, R. J. P. 1994. The biochemistry of molybdenum. E. R. Braithwaite and J.
Haber, eds., Molybdenum: an Outline of it's Chemistry and Uses, Elsevier,
Amsterdam, pp-419-450

World Health Organization. 2003. Molybdenum in drinking-water: background
document for development of WHO guidelines for drinking-water quality.

125



Yano, T., Nakahara, T., Kamiyama, S. & Yamada, K. 1966 Kinetic studies on
microbial activities in concentrated solutions. | . Effect of excess sugars on
oxygen uptake rate of a cell-free respiratory system. Agricultural and
Biological Chemistry 30: 42—48.

Yamaguchi, S., Miura, C., Ito, A., Agusa, T., lwata, H., Tanabe, S. and Miura, T.
2007. Effects of lead, molybdenum, rubidium, arsenic and organochlorines on
spermatogenesis in fish: Monitoring at Mekong Delta area andin
vitroexperiment. Aquatic toxicology, 83(1): 43-51.

Yong, F. 2000. Mamut copper mine—the untold story, minerals: underpinning
yesterday’s needs, today’s development and tomorrows’s growth, in, national
seminar on the Malaysian minerals industry, Pacific Sutera Hotel, Kota
Kinabalu, Sabah, Malaysia,” pp. 22-24,

Yong, N. K., Oshima M., Blake R. C. and Sugio, T. 1997. Isolation and some
properties of an iron-oxidizing bacterium Thiobacillus ferrooxidans resistant
to molybdenum ion. Bioscience Biotechnology and Biochemistry 61: 1523-
1526.

Yoshimura K, Ishii M, Tarutani T. 1986. Micro determination of phosphate in water
by gel-phase colorimetry with molybdenum blue. Analytial Chemistry
58:591-594.

Yuichi Nogi, Hideto Takami and Koki Horikoshi. 2005. Characterization of
alkaliphilic Bacillus strains used in industry: proposal of five novel species,”
International Journal of Systematic and Evolutionary Microbiology. 55:
2309-2315.

Yurt. N., Sears. J., and Lewandowski. Z. 2002. Multiple substrate growth Kkinetics
of Leptothrix disophora SP- 6. Biotechnology Progress, 18: 994- 1002.

Yunus. M. Y. 2014. Reuvisiting the role of the electron transport chain in molybdate
reduction by Enterobacter cloacae Strain 48. Indian Journal of
Biotechnology. IJBT/Auth/2012/2090, accepted.

Zakaria, Z. A., Zakaria, Z., Surif, S., and Ahmad, W. A. 2007. Hexavalent chromium
reduction by Acinetobacter haemolyticus isolated from heavy-metal
contaminated wastewater. Journal of hazardous materials. 146(1): 30-38.

Zhai, X. W., Zhang, Y. L., Qi, Q., Bai, Y., Chen, X. L., Jin, L. J. and Liu, F. J. 2013.

Effects of molybdenum on sperm quality and testis oxidative stress.Systems
biology in reproductive medicine, 59(5): 251-255.

126



Zhang, Y. L., Liu, F. J., Chen, X. L., Zhang, Z. Q., Shu, R. Z., Yu, X. L.,and Liu, Z.
J. 2013. Dual effects of molybdenum on mouse oocyte quality and ovarian
oxidative stress. Systems biology in reproductive medicine, 59(6): 312-318.

Zhu, Xueqing, Venosa, A.D., Suidan, M.T., and Lee, K. 2001. Guidelines for the

Bioremediation of Marine Shorelines and Freshwater Wetlands. Office of
Research and Development, U.S. Environmental Protection Agency.

127



	BIOREDUCTION OF HEXAVALENT MOLYBDENUM TO MOLYBDENUMBLUE USING Serratia sp. MIE2 AND PURIFICATION OF MOLYBDENUM-REDUCING ENZYME
	ABSTRACT
	TABLES OF CONTENTS
	CHAPTERS
	REFERENCES



